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PROMOTING  EARLY  MATURITY  IN  TOMATOES  BY 


BREEDING  AND  CERTAIN  CULTURAL  PRACTICES 


Charles  W&lkof 


INTRODUCTION 


Successful  tomato  culture  under  Alberta  conditions  re¬ 
quires  that  the  plants  set  and  ripen  their  fruits  quickly*  In 
warm,  long  frost-free  seasons  good  yields  of  high  quality  fruit 
are  generally  obtained  in  the  province,  but  during  cool,  wet 
seasons  tomato  plants  grow  slowly  with  the  result  that  yields 
are  small  and  discouraging*  In  short,  frostrfree  seasons  also, 
tomatoes  lack  in  time  to  ripen  their  fruit  and  in  many  cases 
green  fruit  only  is  obtained.  There  is  a  definite  need  in 
Alberta  for  varieties  which  are  capable  of  not  only  ripening 
fruit  early  in  the  season  but  of  doing  so  consistently  each  year* 
Also,  certain  cultural  practices  which  are  not  as  yet  widely  used, 
could  become  useful  aids  in  promoting  early  maturity  in  tomatoes* 
Much  has  been  accomplished  in  recent  years  in  develop¬ 
ing  tomato  varieties  and  nB  thods  of  culture  for  early  fruit 
maturity*  One  case  deserves  special  mention,  namely,  the  origin¬ 
ation  of  the  Farthest  North  variety  which  is  the  earliest  tomato 
in  commercial  seed  channels*  By  the  use  of  this  variety  home 
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gardeners  have  been  able  to  grow  ripe  tomatoes  outdoors  as  far 
north  as  Peace  River  and  Fort  Vermilion*  The  Farthest  North 
is  extremely  early,  in  fact  so  much  so  that  in  favorable  years 
it  ripens  large  quantities  of  ripe  fruit  even  when  seeded  out¬ 
doors*  Unfortunately  the  economic  possibilities  of  the  fruit 
of  the  Farthest  North  are  limited  since  these  are  small  and 
measure  at  best  1  to  l|-  inches  in  diameter* 

The  ripening  processes  in  tomatoes  consist  essentially 
of  a  number  of  chemical  changes  together  with  the  building  up  of 
dry  matter  in  the  plant*  The  sooner  these  processes  take  place 
the  more  rapid  will  ripe  fruit  be  produced*  MacGillivray  (37} 
stated  that  Mthe  ripening  process  seems  to  include  a  change  of 
carbohydrates  of  high  molecular  weight  to  sugars,  an  increase  in 
dry  and  fresh  weight,  an  enlargement  of  practically  all  cells, 
and  the  disintegration  of  the  cell  walls"* 

Since  the  object  of  this  thesis  investigation  is  not 
concerned  with  a  technical  discussion  of  the  processes  of  ripen¬ 
ing,  the  present  knowledge  of  the  complex  chemical  changes  that 
take  place  is  not  reviewed*  However,  Sando  (47)  has  provided  a 
good  reference  for  information  on  the  subject* 

Effects  of  certain  environmental  and  cultural  -practices  on  early 

ripening. 


The  environment  generally  has  a  profound  effect  on  the 
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development  of  the  tomato  in  the  field*  If  the  temperatures  are 
comparatively  high  the  plants  grow  rapidly  and  the  fruit  sets 
abuniantly*  On  the  other  hand,  if  the  weather  turns  cold,  the 
effects  are  often  harmful  and  also  may  be  disastrous* 

A  sandy  soil  is  possibly  one  of  the  greatest  contribut¬ 
ing  factors  to  successful  tomato  culture  because  of  the  rapidity 
with  which  it  warms  up  and  because  it  has  a  higher  temperature 
than  most  other  adjacent  soil  types*  No  doubt  the  sandy  loam 
soil  at  Haber  is  lsxgely  responsible  for  the  fact  that  tonatoes 
ripen  roughly  a  week  earlier  there  than  at  Lethbridge*  The  soil 
at  Lethbridge  is  a  heavy  loam* 

Smith  (51)  and  Smith  and  Cochran  (52)  reported  that 

o 

fruit  setting  did  not  occur  if  the  temperature  was  above  100  F* 
o 

or  below  50  F*  Optimum  fertilization  and  fruit  setting  occurred 

o 

at  temperatures  of  70  to  85  F*  According  to  this  information 
the  set  of  early  fruit  would  be  inhibited  by  cool  or  hot  weather 
when  the  plants  begin  to  blossom*  Conditions  such  as  these  occur 
in  certain  seasons  in  most  parts  of  Alberta  and  no  doubt  light 
yields  of  early  fruit  could  be  traced  to  this  cause  in  some  cases* 
The  practice  of  hardening  greenhouse-grown  tomato 
plants  has  been  in  general  use  in  tomato  growing  areas  for  many 
years  and  has  been  considered  to  have  a  beneficial  effect  in  pre¬ 
paring  the  soft  greenhouse -or  hotbed-grown  plants  for  the  harsher 
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environmental  conditions  in  the  field*  The  process  consists  of 
withholding  water  and  exposing  the  plants  to  low  temperatures 
in  a  coldframe  before  they  are  transferred  to  the  field.  In 
recent  years  this  practice  has  been  shown  to  have  a  detrimental 
effect  on  the  ultimate  progress  of  the  tomato  plants*  Porter  (40), 
Yeager  (63),  and  Babb  (4)  found  that  hardening  definitely  reduced 
the  early  yield  of  marketable  fruits  and  that  this  reduction  re¬ 
sulted  regardless  of  variety  or  of  the  time  when  the  plants  were 
set  in  the  field*  Brasher  and  Westover  (7)  concluded  also  that 
even  a  moderate  hardening  of  tomato  seedlings  produced  a  stunting 
effect,  did  not  make  them  better  able  to  survive  under  early 
spring  conditions,  and  resulted  in  lower  early  yields  of  fruit  of 
lighter  weight* 

Object. 


The  need  of  developing  an  early  tomato  adapted  particu¬ 
larly  to  Alberta  conditions  is  urgent*  large  fruit  size  is  highly 
desirable  in  such  a  variety  for  commercial  purposes  as  well  as  for 
the  home  garden*  Of  utmost  importance  in  such  a  variety  is  earli¬ 
ness  of  maturity  and  this  should  be  at  least  equal  to  that  of  the 
Farthest  North  variety*  Moreover,  the  ability  to  ripen  early 
should  be  accompanied  by  the  ability  to  ripen  under  moderately  ad¬ 
verse  weather  conditions* 

Another  purpose  of  these  investigations  has  been  to  study 
the  effects  and  value  of  commercial  fertilizers  in  relation  to 
their  influence  on  the  promotion  of  early  fruit  ripening  in  tomatoes 
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under  Alberta  conditions.  There  is  no  specific  information  avail¬ 
able  for  Alberta  gardeners  concerning  the  most  practical  kind  of 
fertilizer  to  use  and  how  to  apply  it  for  best  results.  It  is 
possible  that  a  study  of  this  kind  has  its  limitations  because 
the  efficiency  of  fertilizers  is  largely  dependent  on  soil  moisture 
and  soil  type.  That  is,  the  results  obtained  under  irrigation  will 
be  different  from  those  under  dryland  conditions,  and,  also,  fertil¬ 
izers  respond  differently  on  a  warm,  sandy  soil  than  on  a  cold, 
heavy  soil.  However,  the  results  of  fertilizer  activity  on  tomato 
growth  under  a  specific  set  of  Alberta  conditions  may  provide  a 
lead  in  regard  to  the  kind  of  fertilizer  materials  that  could  be 
used  to  advantage  elsewhere  in  the  province. 

The  depth  at  which  tomato  plants  are  set  in  the  field  has 
an  important  bearing  on  the  tin©  of  ripening  in  tomatoes.  The 
proper  depth  of  planting  has  been  a  much  debated  problem.  Gardeners 
in  certain  areas  believe  in  deep  planting  while  in  other  districts 
shallow  planting  is  preferred.  It  was  with  the  idea  of  obtaining 
data  on  the  methods  in  use  and  therefrom  to  draw  conclusions  as  to 
the  best  method  of  planting  that  this  particular  section  of  the 
thesis  investigation  was  undertaken. 

Green  tomatoes  can  be  ripened  indoors  after  they  have 
grown  to  their  full  size.  However,  difficulties  are  often  ex¬ 
perienced  in  obtaining  satisfactoiy  results.  Factors  affecting 
the  ripening  of  green  tomatoes  indoors  are  principally  temperature 
and  humidity,  although  it  is  believed  that  colored  paper  wrapping 
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also  has  an  influence*  The  investigation  here  reported  was  conducted 
with  a  view  to  ascertaining  the  optimum  conditions  for  ripening 
green  tomatoes  in  the  home* 

A  final  and  important  object  of  these  investigations  is 
to  develop  a  tomato  variety  and  certain  cultural  practices  that 
will  be  applicable  not  only  to  the  production  of  tomatoes  in  the 
home  garden  but  as  well  to  their  production  for  commercial  canning. 
The  canning  industry  has  made  great  progress  in  recent  years  in 
southern  Alberta  in  the  processing  of  different  kinds  of  vegetables 
and  the  canners  are  hopeful  of  including  tomatoes  in  the  near 
future*  In  fact  they  have  conducted  tests  with  the  most  promising 
varieties  but  success  has  been  elusive*  Hence,  an  adapted  variety 
together  with  improved  cultural  methods  would  be  of  value  to  one 
of  Alberta.*s  youngest  and  thriving  industries. 
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PART  I 

PROMOTING  EARLY  MATURITY  IN  TOMATOES  BY  BREEDING 

Breading  tomatoes  for  earliness,  large  fruit  size  and 
quality  has  been  and  still  is,  the  primary  purpose  of  a  number 
of  breeding  projects  in  various  institutions  on  the  Canadian 
prairies  and  in  the  northern  areas  of  the  United  States.  Earli- 
ness  and  fruit  size  have  been  the  deciding  issues  in  regard  to 
the  successful  production  of  tomatoes  in  the  localities  where  the 
growing  season  is  short.  Thus  far,  Dr.  A.F.  Yeager,  formerly  of 
the  North  Dakota  Agricultural  Experiment  Station,  Fargo,  has  been 
most  progressive  in  producing  varieties  combining  the  desired 
factors.  However,  the  ideal  prairie  tomato  has  nott  yet  been  found. 
An  attempt  has  been  made  in  the  tomato  breeding  work  here  reported 
to  obtain  a  variety  approaching  the  standard  of  this  ideal  type. 

The  results  have  been  very  encouraging. 

Literature  Review 

No  literature  review  on  this  subject  would  be  complete 
without  specific  reference  to  Dr.  Yeager's  work.  Some  of  his  re¬ 
sults  are  indeed  startling.  For  example,  one  of  his  introductions 
has  made  it  possible  to  grow  tomatoes  as  far  north  as  Fort  Vermilion 
and  other  areas  not  previously  considered  adapted  to  the  outdoor 
culture  of  this  crop.  Yeager's  methods  of  breeding  were  simple  and 
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consisted,  principally  of  crossing  standard  varieties  with  desir¬ 
able  characteristics  and  selecting  the  progeny  with  the  most 
promising  features#  However,  Dr#  Yeager  evidently  had  a  keen 
sense  of  detecting  virtues  of  tomato  varieties  and  applying  these 
to  a  breeding  program,  according  to  some  of  the  remarkable  results 
he  obtained  in  this  work#  The  most  outstanding  has  been  his  inter 
specific  cross#  By  combining  one  of  his  early,  large-fruited 
varieties,  Bison  ( Lvc  oners  icon  esculentum)  with  the  currant  tomato 
( Lvc  oners  icon  pimpinellifoliumJ.  he  obtained  a  variety.  Farthest 
North,  which  appeared  to  be  difficult  to  surpass  in  its  extreme 
earliness#  (The  new  tomato  described  in  this  report  is  equal  to 
the  Farthest  North  in  earliness)#  The  economic  possibilities  of 
the  Farthest  North  are  restricted  by  its  small  fruit  size#  Its 
plants  are  small,  roughly  8  inches  hjgh  and  with  12-  to  16-  inch 
spread#  It  is  extremely  prolific  in  fruit  production  and  will 
set  as  many  as  150  -  200  fruits  at  one  time#  The  object  of  the 
breeding  work  here  reported  was  to  retain  the  Farthest  North 
plant  -type  and  size  and  to  increase  the  size  of  its  fruit  so  that 
it  would  have  greater  economic  value. 

Types  of  tomatoes. 

It  is  probably  not  known  generally  that  tomatoes  are 
classified  into  two  major  groups  based  on  type  of  plant  growth, 
namely,  indeterminate  and  determinate  (self  pruning)#  Each  group 
is  given  distinctly  different  cultural  treatment#  The  indetermin¬ 
ate  type  requires  pruning  and  staking  and  its  use,  therefore,  is 
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limited  to  special  conditions  in  the  home  and  market  gardens* 
The  determinate  type  requires  no  special  care  and  accordingly 
is  adapted  to  general  field  culture* 

In  order  to  acquaint  the  reader  of  this  manuscript 
with  the  distinctions  that  are  made  between  the  two  general 
groups  of  tomatoes  so  that  a  full  appreciation  of  the  selection 
of  varieties  used  for  breeding  may  be  obtained,  a  description 
of  these  is  given*  Ordinary  varieties  of  tomatoes,  if  grown 
under  optimum  conditions,  are  really  perennial  plants,  that  is, 
they  continue  growth  indefinitely*  Such  varieties  are  classed 
as  indeterminate  tomatoes*  Normally  at  every  third  leaf  there 
is  a  blossom  cluster*  Tomatoes  having  this  indeterminate  type 
of  plant  set  fruits  relatively  early  and  then  continue  to  do 
so  at  intervals  until  frost  comes  in  the  fall,  at  which  time 
there  is  usually  a  large  number  of  blossoms  being  produced  and 
small  green  tomatoes  on  the  plant  on  which  energy  has  been 
spent  without  the  possibility  of  any  usable  product*  Sometimes 
the  home  gardener  pinches  out  the  tip  of  the  plant  to  prevent 
wasting  this  energy* 

In  sharp  contrast  to  the  indeterminate  type  of  plant 
growth  are  the  tomato  varieties  which  have  a  determinate  or 
self -pruning  type  of  growth*  These  plants  instead  of  setting 
the  blossom  cluster  with  three  leaves  between,  produces  blossom 
clusters  often  with  only  one  leaf  between  them,  and  usually 
after  growing  a  short  distance  a  blossom  cluster  appears  on  the 
tip  of  the  plant,  terminating  its  growth*  A  plant  such  as  this 
sets  many  more  blossom  clusters  on  the  same  length  of  vine  as 
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one  of  the  inde terminate  type*  Furthermore,  it  does  not  continue 
to  blossom  indefinitely  but  expends  its  energy  in  maturing  the 
crop  already  set* 

In  the  breeding  project  here  reported  the  determinate 
type  of  plant  was  used  exclusively. 

Determinate  Varieties  of  Tomatoes  Classified 

The  following  sub-classification  of  determinate  tomatoes 
is  based  on  observations  under  irrigated  conditions  in  Southern 
Alberta*  It  helps  to  show  the  relationship  of  the  parental  var¬ 
ieties  used  in  the  experiment  in  regard  to  their  plant  character¬ 
istics  and  general  field  behaviour. 

Class  1  -  Extra  early  varieties  -  Plants  dwarf,  8-10 
inches  high  and  15  -  18  inch  spread.  Foliage  very  small  and  sparse* 
Numerous  small  fruits*  Fruit  ready  July  26*  Example  -  Farthest 
North* 

Class  2  -  Early  varieties  -  Plants  small,  12  Inches  high 
and  18  -  24  inch  spread*  Foliage  small  and  light*  Moderate  number 
of  medium-sized  fruits.  Fruits  ready  August  1*  Example  -  Eedskin* 
Class  5  -  Medium  season  varieties  -  Plants  medium  large, 

15  inches  high  and  £0  -  56  inch  spread.  Foliage  medium  large  and 
medium  dense.  Moderate  number  of  large-  sized  fruits.  Fruits  ready 
August  7  -  12.  Examples  -  Bison  and  Polar  Circle* 

Class  4  -  Late  season  varieties  -  (This  group  sometimes 


classed  as  intermediate  between  determinate  and  indeterminate  types) 
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Plants  large,  20  inches  high  and  36  -  45  inch  spread.  Foliage 
large  aai  dense.  Moderate  number  of  large-sized  fruits.  Fruits 
ready  September  1  -  10,  Example  -  Pritchard, 

Mode  of  Inheritance 
A,  Inheritance  of  e  ar  li  nes  s  factor 

Among  the  thirteen  plant  factors  discovered  in  tomatoes 
by  Price  and  Drinkard  (41)  in  1908  as  giving  the  expected  3  :  1 
Mendelian  ratio,  the  type  of  growth  of  the  tomato  was  included, 

Teager  (61)  (64)  and  MacArthur  (35J  found  later  that  indeterminate 
type  is  dominant  to  determinate  and  also  that  the  progeny  segregates 
according  to  the  normal  3  t  1  expectations.  Evidently  the  factors 
responsible  for  plant  type  are  simply  inherited.  It  is  believed 
that  the  same  type  of  inheritance  occurs  in  crosses  between  classes 
1  and  3  of  the  classification  given  above,  These  classes  include  the 
varieties  Farthest  North  and  Polar  Circle,  respectively. 

In  the  breeding  work  here  reported  a  cross  was  made  between 
the  Farthest  North  and  Polar  Circle,  It  was  observed  that  most  of 
the  seedling  progeny  resembled  the  Polar  Circle  variety  (the  male 
parent).  Since  the  object  was  to  select  seedlings  of  the  Farthest 
North  type  it  was  necessary  to  produce  a  large  population  of  seed¬ 
lings,  Yeager  (61) (63)  suggested  the  use  of  histological  facts  of 
the  determinate  tomato  seedlings  before  the  seedlings  reach  the 
second  or  true  leaf  stage.  This  helped  materially  in  segregating 
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the  bulk  of  the  Polar  Circle  type  of  seedlings.  A  certain  amount 
of  experience  is  required  to  obtain  efficiency  in  this  work.  How¬ 
ever,  the  method  suggested  by  Yeager  saves  much  work  by  eliminat¬ 
ing  the  Polar  Circle  type  plants  before  they  are  transferred  to 
the  field  and  also  before  they  have  used  up  valuable  greenhouse 
space  in  the  early  spring. 

The  F  1  progeny  of  crosses  between  distantly  related 
varieties  of  tomatoes  frequently  exhibit  hybrid  vigor  to  a  marked 
degree  (1)  (2)  (13)  (14).  It  is  often  expressed  in  the  early 
maturity  of  the  crop  and  care  must  be  taken  to  distinguish  this 
from  standard  early  ripening.  Wellington  (56)  obtained  33  out 
of  60  hybrids  which  gave  an  increase  in  early  yield  of  fruit  over 
the  earliest  parent.  However,  Hayes  and  Jones  (14)  discovered 
that  not  all  Fl  hybrids  exhibited  hybrid  vigor  but  that  it  was 
usually  evident  or  most  pronounced  in  crosses  of  varieties  which 
are  quite  distinct  in  one  or  several  characteristics. 

B.  Inheritance  of  fruit  size 

In  contrast  to  the  simple  inheritance  of  the  earliness 
factor,  the  one  responsible  for  fruit  size  is  decidedly  complex. 
Genetical  studies  have  shewn  that  fruit  size  is  gene  -  transmitted; 
size  as  a  character  is  usually  complex  and  multifactorial  (36). 

Uany  typical  recessive  mutant  factors  affecting  size  have  been 
recognized  and  located  in  chromosomes  (32 J.  Some  of  these  exert 
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their  important  size  effects  by  modifying  fruit  shape  or  locule 
number  or  both  (62);  for  example;  the  gene  for  fasciation  (f ) 
and  those  raising  the  locule  number  increase  fruit  size,  probably 
by  increasing  the  basic  cell  number,  but  at  least  two  genes  which 
are  responsible  for  fruit  elongation  (ovate,  o)  tend  to  decrease 
its  size.  Other  recessive  genes  with  marked  and  distinguishing 
specific  qualitative  effects  also  have  a  general  or  physiological 
influence  on  size  (33)  (8);  lutescent  (l),  a  chlorophyll  deficiency, 
slows  down  both  plant  and  fruit  growth  and  decreases  the  ultimate 
size  of  the  fruit;  tangerine  (t)  and  possibly  peach  (p),  on  the 
other  hand  appear  to  enlarge  the  fruit,  perhaps  by  acting  on  the 
cell  expansion  mechanism*  These  instances  show  that  the  several 
identified  factors  controlling  size  obviously  do  not  necessarily 
or  always  lack  dominance*  Many  are  known  to  exhibit  a  typical 
dominant-recessive  relationship.  Some  of  the  factors  isolated  are 
unequal  (36)  for  they  have  been  shown  to  affect  size  by  varying 
©mounts*  Several  of  the  genes  determining  size  or  number  of  cells 
are  apparently  distinct  in  nature  and  mode  of  inf  luence,  as  they 
affect  different  processes  and  act  at  different  times  in  the 
development  of  the  individual  (ontogeny)*  The  histological  analysis 
of  fruit  development,  though  still  far  from  complete,  already  directs 
attention  not  only  to  one  process  but  to  many,  such  as  rate  and 
duration  and  localization  of  cell  division* 

Kaiser  (22)  studied  the  factors  governing  shape  and  size 
in  the  fruits  of  peppers  and  found  that  size  is  genetically  deter¬ 
mined  by  the  interaction  of  a  number  of  size  genes,  but  is  subject 
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to  considerable  modification  by  environmental  factors*  The  ultimate 
appearance  of  the  pepper  is  genetically  determined  by  the  interactions 
between  factors  governing  (a)  relative  dimensional  growth  rates  and 
(b)  size  of  the  fruit* 

The  influence  of  environmental  factors  further  complicates 
a  fruit  size  selection  program  with  segregating  progeny*  For  example, 
Gustafson  and  Houghtaling  (12)  found  a  definite  relationship  between 
tomato  fruit  size  and  the  food  supply  of  the  plant*  Reducing  the 
number  of  fruits  to  one  cluster  per  plant  resulted  in  larger  fruits 
than  those  normally  produced*  This  may  be  correlated  with  the  re¬ 
duction  in  the  number  of  tomato  fruits  set  because  of  faulty  pollin¬ 
ation  brought  about  by  cool  weather  or  by  natural  pruning  through 
hailstorms* 

C«  The  chromosome  complex  of  tomatoes 

The  chromosome  map  of  the  tomato  is  still  inconplete*  Mac- 
Arthur  (32)  (33)  (34)  (35)  and  Idndstrom  (26)  (27)  have  made  possibly 
the  greatest  contributions  to  the  present  knowledge  of  this  problem* 

Of  some  twenty  genes  that  are  known,  the  positions  of  sixteen  have 
been  located  on  ten  of  the  twelve  pairs  of  chromosomes*  Six  of  the 
groups  now  contain  two  cr  more  known  genes* 

Recently,  Currence  (9)  discovered  a  relationship  between 
the  genes  of  the  DjPOS  region  of  the  first  chromosome  and  genes 
affecting  earliness*  However,  the  actual  nature  of  the  D  and  DP 
lines  was  not  determined,  although  on  the  average  they  were  9  and  14 
days  earlier,  respectively,  than  corresponding  d  and  dp  progenies* 
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MacArthur  (35)  reported  that  the  genes  (Tt),  which  control  indeter¬ 
minate  and  determinate  growth  habits,  occur  on  the  fourth  chromosome. 

14  The  linkage  problem 

Evidence  obtained  by  MacArthur  (33)  shows  the  possibility 
of  linkage  between  possible  genes  for  earliness  and  size.  This 
appears  to  conflict  with  Larson's  (24)  findings  who  stated  "that  it 
is  difficult,  if  not  impossible,  to  combine  characters  such  as  ex¬ 
treme  earliness,  smooth  fruit,  and  large  fruit  size  in  homozygous 
material".  However,  a  recessive  gene  (1)  for  yellow-green  foliage 
has  been  found  to  retard  maturity  about  two  weeks  and  to  reduce 
fruit  size  30  percent  (33). 

Method  of  Procedure 

As  a  foundation  for  all  plant  breeding  work  a  thorough 
knowledge  of  varieties  is  essential.  Accordingly,  a  tomato  variety 
test  plot  has  been  maintained  in  connection  with  this  project.  It 
has  provided  much  information  on  general  morphology  and  genetical 
behaviour  of  a  long  list  of  varieties.  This  information  has  been 
useful  in  choosing  varieties  with  desirable  characteristics  and 
also  in  combining  the  varieties  in  such  a  way  that  the  breeding  work 
was  greatly  facilitated. 

Varieties  used 

The  object  of  this  breeding  program,  as  previously  mentioned, 
has  been  to  incorporate  in  a  new  tomato  variety  the  factors  affecting 
extreme  earliness  and  large  fruit  size.  The  first  of  these,  namely. 
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extreme  earliness,  is  predominant  in  the  Farthest  North;  hence  this 
variety  was  chosen  as  one  parent.  For  the  second  parent,  a  variety 
was  selected  in  which  comparative  earliness  was  present  as  well  as 
large  fruit  size.  These  characteristics  were  found  in  the  Polar 
Circle  variety. 

In  plant  breeding  it  is  often  found  that  the  desirable 
factor  in  a  variety  is  recessive  in  nature.  In  such  cases  the  var¬ 
iety  with  the  recessive  factor  is  generally  used  as  the  female  parent 
because  in  this  way  the  corresponding  dominant  factor  is  not  in  a 
position  to  exert  a  complete  masking  effect  on  the  recessive  one 
when  the  progeny  of  a  cross  begins  to  segregate.  In  the  breeding 
project  here  reported  the  plant  type  of  the  Farthest  North  proved 
to  be  recessive  and  hence  this  variety  was  used  as  the  female 
parent. 

.^bridizing,  jfcflffigflEfi 

The  method  of  breeding  used  in  this  work  was  similar  in 
most  respects  to  that  in  general  use  although  certain  details  were 
changed  and  original  ideas  substituted  to  facilitate  the  work  under 
local  conditions. 

The  most  vigorous  plants  were  always  selected  for  hybridiz- 

i 

ing.  Usually  the  most  convenient  blossom  buds  were  used  and  these 
were  emasculated  before  they  began  to  open.  Emasculation  consisted 
of  removing  the  petals  and  stamens  without  injuring  the  pistil.  In 
addition,  a  portion  of  the  sepals  were  also  removed  so  that  the 
hybridized  fruits  could  be  easily  recognized  in  case  the  identification 
tag  was  lost  or  obliterated.  A  glassine  or  transparent  paper  bag 
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Figure  1 

Showing  the  comparative  size  of  the  plant 
and  fruits  of  the  F  6  hybrid,  the  method 
used  to  protect  the  flowers  before  and 
after  pollination,  and  the  identification 
tag. 
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was  placed  over  the  prepared  blossom  to  protect  It  from  foreign 
pollen  aid.  the  effects  of  harsh  environmental  influences* 

The  blossoms  were  carefully  pollinated  within  three  days 
after  emasculation*  The  pollen  was  obtained  by  jarring  the  cone- 
shaped  tomato  blossoms  over  a  watchglass.  The  greatest  amount  of 
pollen  was  obtained  from  9  a*m*  until  2  p*m*  during  bright  sunny 
weather*  The  transfer  of  the  pollen  was  then  made  by  lightly 
dipping  the  stigma  of  the  emasculated  blossom  into  the  "heaps”  of 
pollen  dust  on  the  watchglass*  A  cloth  moistened  with  methyl 
alcohol  was  used  to  clean  the  watchglass  after  each  pollination  to 
prevent  the  transfer  of  undesirable  pollen*  Fresh  pollen  was  used 
each  time  a  new  blossom  was  crossed*  The  glassine  bag  was  replaced 
over  the  pollinated  blossom  and  an  identification  tag  attached* 

The  tag  bore  the  names  of  the  varieties  crossed  namely*  Farthest 
North  x  Polar  Circle  { the  name  of  the  female  parent  always  preceded 
that  of  the  male),  the  date  when  the  cross  was  made,  and  the  initials 
of  the  hybridist* 

A  number  of  crosses  of  the  same  varieties,  8  to  10  or  more, 
were  made  at  the  beginning  of  the  breeding  program.  The  seed  of  the 
hybridized  fruit  of  all  the  crosses  was  bulked*  This  seed  was  then 
planted  in  the  greenhorn  e  in  the  winter  and  the  F  1  seedlings  forced 
to  maturity  before  the  following  spring*  The  seed  of  the  F  1  seed¬ 
lings  also  was  bulked  and  the  following  F  2  seedlings  planted  in  the 
field*  As  a  rule  the  seedlings  begin  to  segregate  in  the  F  2  gener¬ 
ation  and  the  most  desirable  types  can  be  selected*  This  permits 
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continuous  selection  up  until  the  F  9  generation  (an  arbitrary 
limit)  when  the  plants  become  pure  or  "fixed."  for  the  desired,  type. 
However,  the  F  2  seedlings  did  not  segregate  as  expected.  In  fact 
segregation  did  not  occur  even  in  the  F  3  and  F  4  generation  seed¬ 
lings.  From  all  outward  appearances  the  seedlings  were  identical 
with  plants  of  the  Polar  Circle  variety.  However,  the  fact  that 
the  Farthest  North  had  been  used  as  the  female  parent  and  also 
because  its  plant  type  is  so  distinct  from  that  of  the  Polar 
Circle,  it  was  decided  that  the  Polar  Circle  type  was  so  dominant 
that  it  prevented  the  Farthest  North  type  from  segregating. 

The  fact  that  the  progeny  failed  to  segregate  prodruse d 
a  major  problem.  The  thought  of  discarding  all  the  material  was 
seriously  entertained.  However,  a  new  idea  occurred  in  regard  to 

encoui’aq/nq 

the  possibility  of  segregation  by  artificial  means. 

It  was  finally  decided  to  try  colchicine  since  the  harsh  effects 
of  this  drug  on  plants  when  used  in  strong  concentrations  had  been 
noted  and  also  studied  in  the  literature. 

Response  to  colchicine  treatment 

The  colchicine  was  applied  to  a  group  of  fifty  F  3  seed¬ 
lings  in  concentrations  of  .02,  .2  and  2  percent  solutions.  An 
atomizer  was  used  to  treat  the  seedlings  since  it  was  found  to  pro¬ 
duce  a  more  misty  spray  than  the  usual  type  of  sprayers.  A  fine 
spray  is  essential  in  treating  tomato  plants  since  all  parts  of  the 
young  seedlings  are  covered  with  a  dense  arrangement  of  hairs  which 
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Figure  2 

The  individual  plants  of  the  segregating  progeny 
are  selfed  to  prevent  cross  pollination  between 
’’■unfixed'*  relatives*  Therefore,  one  blossom 
cluster  of  each  plant  is  bagged  and  identified  in 
a  manner  similar  to  that  of  the  stake  at  the  head 
of  the  row*  later  when  the  plants  are  selected 
the  seed  fruits  are  saved  only  from  those  in  the 
bag* 


a  j  3d  o  if  .ul-lt  :oi*j  ir. ui  y  *li  •  J  vV. 
.■■  .t  ,  •  .  •*!  .  ..  j:  -  u' 

.  i  ‘  J  y*  j  v  !.o  .  •  a  .  y 

J  ok  :  oi  -j'S  'to  o  J-  If’.Iii  L  :  ;  a  J5 

"  .  •  .... 

ottt  ai  eaoxU  •  to  J bo/:  -  _»n  •  n  :  ;  : 


-  21  - 


A  coarse  spray  will  not  penetrate  satisfactorily*  The  colchicine 
applications  were  made  at  regular  intervals  so  that  the  growing 
tips  were  kept  moist  from  7  a.m*  until  6  p*m*  during  four  consecu¬ 
tive  days*  Some  of  the  solution  fell  on  the  leaves  below  the 
growing  shoots  and  it  was  the  puckered  appearance  of  these  leaves 
that  gave  definite  indication  that  the  treatment  had  been  effect¬ 
ive*  This  occurred  roughly  six  days  after  treatment  began*  The 
plants  ceased  growth  almost  immediately  and  remained  stunted  for 
approximately  two  weeks*  Growth  was  finally  resumed  although 
quite  slowly  during  the  first  week* 

The  treated  seedlings  were  transferred  to  the  field  as 
soon  as  weather  conditions  permitted  in  the  spring*  Soon  after 
the  plants  were  re-established  in  the  field  variations  were  noted 
in  the  seedling  plants*  Six  weeks  after  transplanting  it  was 
evident  that  definite  segregation  had  taken  place*  Varying  numbers 
of  seedlings  of  the  Polar  Circle,  Farthest  North  and  intermediate 
plant  types  were  found*  It  was  also  noted  that  the  Farthest  North 
type  was  in  the  minority,  roughly  one  plant  for  every  four  or  five 
of  the  other  types* 

Among  the  Farthest  North  type  of  segregates,  one  plant 
was  found  which  produced  extremely  early  ripe  fruits,  at  least 
three  to  four  days  earlier  than  the  true  Farthest  North*  In  later 
generations,  selections  of  this  extremely  early  plant  appeared  to 
lose  their  extreme  earliness  and  finally  settled  down  to  approxi- 
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mately  the  same  season  of  ripening  as  that  of  the  Farthest  North* 
This  fact  suggested  hybrid  vigor  which  according  to  the  literature 
review  is  frequently  found  in  the  F  1  progeny  of  distantly-related 
varieties* 

A  few  seedlings  of  the  colchicine- treated  material  were 
sent  to  Dr*  A*W*S*  Hunter  of  the  Horticultural  Division,  Central 
Experimental  Farm,  Ottawa,  to  determine  whether  the  chromosomes  of 
the  plants  had  been  doubled  by  the  colchicine*  According  to 
Hunter*s  report  the  chromosomes  had  not  been  doubled,  which  in¬ 
dicates  that  the  effect  of  the  colchicine  had  been  primarily 
s^tiernia^or^-  one*  The  fruit  size  of  the  treated  Farthest  North  x 
Polar  Circle  seedlings  was  particularly  desirable  since  it  was 
practically  three  times  as  large  as  that  of  the  Farthest  North* 
However,  it  was  noted  that  the  size  increased  with  the  succeeding 
filial  generations  up  to  the  F  6*  This  increase  coincided  with  the 
decrease  in  earliness  referred  to  above,  suggesting  a  probable  re¬ 
lationship  between  the  factors  responsible  for  both  conditions* 

An  interesting  comparison  was  obtained  when  a  row  of 
colchicine- treated  Farthest  North  x  Polar  Circle  hybrids  were 
grown  beside  noa- treated  F  4  seedlings  of  the  same  cross*  All  the 
non- treated  F  4  seedlings  were  of  the  Polar  Circle  type,  whereas 
the  treated  hybrids  were  contrastingly  of  the  Farthest  North  and 
extremely  early  maturing  type*  This  demonstration  proved  without 
question  that  the  use  of  colchicine  played  a  definite  part  in  the 
segregation  process  of  this  cross*  Unfortunately,  photographic 
evidence  of  this  demonstration  is  not  available* 
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Figure  3 

Comparison  of  the  size  of  the  fruits  of  the  F  6 
hybrid  and  those  of  its  parents*  The  fruits 
here  are  full  grown  and  unripe*  Note  the  pale 
colour  of  the  hybrid;  this  is  the  uniform  fruit 
colour  characteristic  which  guarantees  a  uniform¬ 
ly  coloured  ripe  tomato* 
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Description  of  the  now  hybrid  UlorpholoKlcall 

1,  Plant  -  Dwarf  and  compact  in  habit  of  growth,  measuring  8  inches 
in  height  and  with  a  20-inch  spread..  Foliage  relatively  sparse  and 
with  oval  shaped  leaves, 

2,  Blossom  -  Blossom  buds  visible  within  3-4  weeks  from  the  time 
of  seedling  emergence.  Plant  elongation  ceases  after  blossom  buds 
axe  full  grown* 

3,  Fruit  -  Develops  rapidly  after  the  blossoms  are  fertilized, 

(a)  Skin  -  medium  thick  and  brittle, 

(b)  Color  -  when  inmature,  pale  green  to  whitish}  when  ripe, 
uniformly  red  over  the  entire  fruit  (no  green  shoulders), 

(c)  Conformation  -  smooth  with  shallow  corrugations  at  stem 
end;  stem-end  cracking  absent, 

(d)  Flesh  -  fine  grained  and  slightly  stringy  with  large  jiicy 
locules  which  contain  numerous  seeds, 

(e )  Flavour  -  mild  and  pleasant, 

(f )  Size  -  polar  diameter  1,75  inches;  equatorial  diameter 
2,50  inches, 

(g)  Season  -  ready  for  use  75-r80  days  from  time  of  seedling 
emergence, 

(h)  Adaptability  -  the  hybrid  is  still  in  the  F  6  generation 
and  hence  it  is  somewhat  too  early  to  predict  its  adapt¬ 
ability  to  climatic  conditions  in  southern  Alberta,  How¬ 
ever,  its  performance  in  the  cool,  moist  summer  of  1941 
was  quite  impressive.  Yield  records  have  not  been  kept 
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Figure  4 

Plant  size  comparison  of  a  typical  F  6  seed¬ 
ling  and  its  parents* 
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thus  far  because  of  the  slight  segregation  of  off-type 
fruits.  When  compared  with  the  general  appearance  of 
average  early  varieties  the  hybrid  performed  remarkably 
well.  It  continued  to  ripen  fruit  consistently  despite 
the  cool  and  unfavourable  conditions. 

Economic  possibilities  of  the  hybrid 

The  possibilities  of  the  Farthest  North  x  Polar  Circle 
hybrid  appear  very  encouraging.  Evidently  its  earliness  and  the 
relatively  large  size  of  the  first  fruits  to  ripen  would  be  inn 
portant  factors  in  the  successful  conmercial  culture  of  tomatoes 
in  southern  Alberta.  It  is  possible  that  the  total  yields  may 
be  lower  than  those  of  ordinary  varieties  but  this  difference  can 
be  accounted  for  by  a  closer  spacing  of  the  plants  in  the  field. 
The  small  plant  size  permits  a  spacing  of  12  -  15  inches  between 
plants  and  £2  inches  between  rows.  Ordinary  varieties  are  usually 
planted  2|-  -  3  feet  between  plants  and  3§-  feet  between  rows. 

The  shape  of  the  hybrid  fruit 

The  shape  of  the  fruit  of  the  Farthest  North  x  Polar 
Circle  seedlings  is  semi-globular,  much  like  that  of  the  Farthest 
North  parent.  In  fact,  the  semi-globular  shape  has  been  evident 
in  the  progeny  of  all  the  filial  generations.  Not  once  did  the 
flat,  furrowed  shape  of  the  Polar  Circle  fruit  appear  in  the  hy¬ 
brids.  While  it  could  be  supposed  that  the  semi-globular  shape 
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is  dominant  to  flat  shape,  the  literature  review  indicates  that 
inheritance  of  shape  of  fruit  is  governed  by  a  complex  arrange¬ 
ment  of  hereditary  factors* 

Color  of  the,  lmaa.turg  frmlt, 

An  interesting  feature  of  the  colchicine- treated  hybrids 
is  that  the  immature  fruit  is  pale  green  to  whitish  in  color*  Be¬ 
fore  the  colchicine  treatment  the  hybrid  plants  had  the  usual  dark- 
green  fruits*  This  contrast  in  the  color  of  the  immature  fruits  of 
the  treated  and  untreated  hybrids  was  particularly  outstanding  in 
the  demonstration  plot  referred  to  previously*  The  pale  color  of 
the  immature  fruit  is  very  desirable  because  when  such  fruits  ripen 
they  color  up  uniformly  over  the  entire  tomato*  On  the  other  hand, 
aark-green-co lored  immature  tomatoes  ripen  from  the  blossom  end  to 
the  stem  so  that  the  shoulders  are  last  to  color  up*  Very  often 
the  shoulders  do  not  color  up  satisfactorily  and  the  fruits  have  an 
undesirable  appearance* 
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PART  II 

PROMOTING  EARLY  MATURITY  IN  TOMATOES  BY 
CERTAIN  CULTURAL  PRACTICES 

A*  Commercial  Fertilizers 


Conmercial  fertilizers  play  an  important  role  in  the 
promotion  of  early  fruit  maturity  in  crop  plants.  There  are 
different  kinds  of  conmercial  fertilizers,  certain  kinds  of 
which  when  used  in  excess  either  alone  or  in  an  unbalanced  com¬ 
bination  will  promote  vegetative  growth  and  delay  or  even  inhibit 
sexual  reproduction.  On  the  other  hand,  there  ape  fertilizers 
which  retard  vegetative  growth  and  encourage  early  fruit  for¬ 
mation  and  ripening.  The  object  of  this  phase  of  the  research 
work  was  to  determine  the  proper  fertilizer  mixtures  and  the 
rate  and  method  of  application  which  would  promote  the  largest 
yield  of  early  fruit  and  not  the  kinds  that  promote  early  ripen¬ 
ing,  since  this  has  been  thoroughly  worked  out  and  reported  in 
the  literature. 

Soils  vary  in  their  response  to  fertilizers.  This 
fact  has  been  amply  demonstrated  by  experiments  conducted  On 
many  different  kinds  of  soil  types  throughout  the  world.  Further¬ 
more,  the  amount  of  moisture  in  the  soil  is  also  known  to  have  a 
profound  effect  on  fertilizer  behaviour.  The  experiments  here 
reported  were  conducted  on  heavy  silt  loam  soil  in  the  irrigated 
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area  east  of  Lethbridge. 

The  conmercial  fertilizers  used  in  the  experiment  were 
applied  in  liquid  form  to  the  growing  plants  both  indoors  and  in 
the  field.  In  this  way  the  fertilizer  elements  become  available 
much  more  quickly  for  plant  use  than  if  the  soil  moisture  was  to 
be  depended  upon  to  dissolve  the  dry  fertilizer  material.  The 
use  erf  rapid  acting  fertilizer  solution  was  expected  to  supple¬ 
ment  the  rapid  fruit  ripening  ability  of  the  fertilizer  elements. 

Literature  Review 

Despite  the  fact  that  certain  fertilizer  elements  en¬ 
courage  fruit  maturity,  their  use  must  be  supplemented  by  a  know¬ 
ledge  of  fundamental  conditions  such  as  plant  characteristics, 
effect  of  environment,  rate  of  application  and  rate  of  plant  food 
absorption.  Practically  every  kind  of  crop  plant  has  its  own 
particular  ’’plant  food”  requirements  and  these  must  be  supplied 
before  any  one  or  combination  of  elements  can  be  used  effectively 
in  promoting  early  maturity.  Moreover,  fertilizers  must  be  applied 
at  a  certain  time  and  in  a  certain  way  before  the  proper  utiliza¬ 
tion  of  the  nutrients  which  they  contain  can  take  place.  This  re¬ 
quires  a  study  of  the  tomato  root  system  and  its  distribution  in 
the  soil. 

Tomatoes  thrive  nicely  on  a  soil  containing  liberal  pro¬ 
portions  of  nitrogen  and  potassium  and  a  fair  quantity  of  phos¬ 
phorous.  The  actual  proportions  required  for  optimum  growth  teva 
are  relatively  yenerovs  calculated  on  the  ba.s'5,  that  t  he  tomato  plant 
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prodjci'vj  a  (joed  crop  contains 

Been  calculated  to  be  32*25,  11*30  and  56*46  percent  of  nitrogen, 
phosphorus  and  potassium,  respectively  (67)*  However,  by  increas¬ 
ing  the  amount  of  phosphorus,  earliness  may  be  increased  accord¬ 
ing  to  Work  in  New  York  (59),  Hepler  and  Kraybill  in  New  Hampshire 
(15),  Rosa  in  Missouri  (44),  Brown  in  Indiana  (6),  and  Mack  in 
Pennsylvania  (30)* 

It  is  known  that  there  is  a  close  relationship  between 
phosphorus  in  the  plant  and  cell  division,  although  it  is  difficult 
to  determine  the  exact  functions  of  phosphorus  in  the  economy  of 
even  the  s implest  plants*  It  is  present  in  the  seeds  of  plants 
and,  according  to  lyon  and  Buckman  (28),  flowering  and  fruiting 
depend  markedly  on  it*  MacGillivray  (37)  found  that  increased 
maturation  in  the  tomato  is  accompanied  by  progressive  increases 
in  the  amount  of  phosphorus*  Moreover,  the  tissues  contain  the 
highest  percentage  of  phosphorus  in  the  embryonic  stage*  The 
presence  of  an  ample  supply  of  phosphorus  at  such  an  early  stage 
must  have  an  important  influence  on  the  size  of  the  fruit  which 
will  develop,  since  cell  division,  as  previously  mentioned, 
depends  to  a  large  extent  on  the  phosphorus  present.  Mack  et  al 
(31)  obtained  evidence  that  dilute  phosphoric  acid  or  super¬ 
phosphate  solutions  applied  to  the  roots  at  transplanting  time 
increased  the  early  yield  of  tomatoes  in  comparison  with  water 
alone  similarly  applied* 

Experiments  have  shown  that  the  use  of  nitrogen  alone 
or  in  a  fertilizer  mixture  delays  early  fruit  ripening  in  tomatoes 
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by  encouraging  excessive  vegetative  growth  which  remains  green 
beyond  the  normal  period  of  ripening  (17)  (23)  (55)*  However, 
the  use  of  nitrogen  in  reasonable  quantities  appears  essential, 
Sayre  (49)  obtained  larger  plants  with  greater  yields  as  well 
as  greater  total  yields  by  a  judicious  use  of  nitrogen  in  com¬ 
bination  with  phosphorus  and  potassium,  Hester  (18)  also  found 
that  the  nitrogen  requirements  of  say  3,000  plants  are  about 
3  pounds  during  the  first  month  of  growth,  27  during  the  second, 
and  70  pounds  during  the  third# 

The  role  of  potassium  in  plant  growth  has  much  to  do 
with  the  general  tone  and  vigour  of  the  plant#  It  is  said  to 
exert  a  balancing  effect  on  both  nitrogen  and  phosphorus  and, 
consequently,  it  is  especially  important  in  a  mixed  fertilizer 
(28)#  Potassium  is  essential  for  starch  formation  and  trans¬ 
location  and  also  is  necessary  in  the  development  of  chlorophyll# 
Of  the  three  fertilizer  elements,  nitrogen  seems  to 
have  the  quickest  and  most  profound  effect  not  only  when  present 
in  excess  of  other  constituents  but  also  when  used  in  moderate 
quantities#  On  the  other  hand,  phosphorus  is  slow  to  react, 
probably  because  it  becomes  fixed  rapidly  in  the  soil  on  appli¬ 
cation#  However,  the  activity  of  these  elements  also  is  some¬ 
what  dependent  on  environmental  influences  such  as  temperature 
and  moisture.  In  a  cold  soil  cr  one  low  in  moisture,  the  bac¬ 
teria  needed  in  the  ammonifying  ami  nitrifying  processes  for 
producing  available  nitrogen  and  the  acid  forming  bacteria  which 
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ultimately  promote  the  release  of  phosphoric  acid,  are  slow  to 
respond*  Apparently,  if  it  were  possible  to  increase  the  moisture 
and  temperature  these  processes  would  be  accelerated. 

Fertilizers  are  generally  applied  in  dry,  solid  form  to 
most  crops  growing  in  the  field  but  it  has  been  found  that  the 
plants  fertilized  in  this  way  are  comparatively  sluggish,  slow  to 
start,  and  in  certain  cases  may  be  harmful  to  the  crop.  However, 
certain  experimenters  have  shown  that  by  dissolving  the  fertilizers 
and  applying  them  in  solution  as  soon  as  the  tomatoes  are  set  in 
the  field  and  also  at  intervals  thereafter  the  results  provide  a 
definite  margin  of  profit  if  the  fertility  level  is  not  already 
adequate  (18)  (20)  (21)  (30)  (39)  (48)  (49)  (53)  (54).  The  con¬ 
clusions  reached  in  regard  to  the  results  reported  in  the  liter¬ 
ature  ares  1.  The  plants  become  established  quicker  and  resume 
growth  earlier  and  this  results  in  earlier  maturity.  2.  Gains 
are  particularly  narked  where  plants  are  crowded  in  boxes  before 
transplanting.  Usually  these  have  been  starved  somewhat.  On  the 
other  hand,  abundantly  fertilized  or  widely  spaced  greenhouse- 
grown  plants  are  not  likely  to  show  any  greatly  significant  res¬ 
ponse  from  the  starter  solution  applied  in  the  field.  The  use 
of  side-dressing  with  liquid  fertilizers  at  intervals  of  two  or 
three  weeks  is  recommended  for  New  Jersey  (53). 

Hedjens  (53)  found  that  in  the  use  of  starter  solutions 
(fertilizer  solutions  applied  inmediately  after  transplanting) 
certain  properties  are  essential  for  success.  In  the  first  place. 


t  o'-  •i':v:o.L  •  ’  ■  '  l.  c  c  .. ...  j-  I'..  '.l 

.  '  *  . .  ■ 

.  •  •  .-J  v.  Jj.1  ■ 


.  .1  1  .  •  -  r.  :L.  '  'iv 

•  ...  j.  .  -o  v  •  .  ■  o  v. 

I  .  •_  J  .  . 

f 

...... 

t  a*  ctot  •  -  -  ...  -  . 

•  •.  -  .  .  .  .  o  .  i  . 

.... 

•  .  J"i..  i  j .  .  o  .  %  .  j  ■  :;.C  i  ■  ...  o 

•  ; 

.  .  '■  ■  ••  :  •  •.  -.j  or-, 

*1  ,  ..  9 'll  .  .  ..  •  i I 

. 

j  .  ‘  '  j  1  '.-'o  j  ,  »  -  'i  * 

i".  ;  •  '•!.  ".it  w Ui:  :  c.  •  i  -L  -  J'C  •:  aCa.:!  a  -c.  , 

.  ’  1-  ,  . .  ' .  .  •;  \  5  *i  -  .  i  \i  ...i  v  :  >  \  : 

?  '  lb  t 


•  *.  ;*o  j..:  *;  c  *.  .  j  -  o 


-  33  - 


it  is  necessary  to  have  a  slightly  acid  to  neutral  condition  in 
the  starter  solution  (pH  6*0  or  samewhat  higher)*  Superphosphate 
solutions  alone  are  injurious  since  they  generally  have  a  pH  3*5. 
If  these  solutions  are  neutralized  with  ammonia  or  other  alkaline 
material  they  nay  be  used  with  satisfactory  results*  Secondly, 
the  nutrient  content  of  the  starter  solutions  and  its  influence 
on  the  concentration  of  the  soil  solution  around  the  seedling  is 
important*  Injurious  results  occur  if  the  concentrations  are  too 
great*  Ammonium  phosphate,  ammoniated  superphosphate,  and  potas¬ 
sium  sulphate  are  mentioned  as  sources  of  nutrients  that  cause 
very  small  increases  in  the  concentration  of  the  soil  solution* 

In  commercial  production,  tomatoes  are  generally  planted 
in  the  field  with  a  transplanting  machine  which  ejects  ■§•  -  1  pint 
of  water  around  the  roots  as  each  plant  is  set  in  the  soil*  To 
speed  up  growth,  2-5  pounds  of  ammonium  sulphate  dissolved  in 
50  gallons  of  water  is  often  used  in  the  transplanting  water* 

Baker  (3)  suggested  the  use  of  commercial  phosphoric  acid  or  mono- 
ammonium  phosphate  in  the  planting  water  instead  of  a  nitrogenous 
fertilizer*  This,  he  stated  not  only  increased  the  yields  of 
tomatoes  but  also  caused  them  to  ripen  their  fruit  earlier  than 
unfertilized  plants*  Sayre  (50)  reported  that  the  use  of  hormones 
in  the  watering  solutions  tended  to  delay  fruit  maturity*  But  ”3 
cents  worth  of  AmnoPhos*,  plus  17  cents  worth  of  nitrate  of  potash 
per  acre  used  in  the  planting  water  produced  significant  gains  and 
increased  the  acre  yield  of  early  tomatoes  by  1*44  tons  and  the 
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total  yield  by  1.85  tons"  (60). 

Dissolved  fertilizers  move  only  slight  distances  horizon¬ 
tally  and  to  apply  them  outside  of  the  root  spread  is  ineffective 
(5)  (38)*  Hence,  a  study  of  the  feeding  area  of  the  tomato  plant 
is  essential  for  intelligent  application  of  inorganic  nutrients. 
According  to  Y/eaver  and  Bruner  (57)  a  tomato  plant  produces  a  strong 
taproot  with  a  few  lateral  roots  if  it  is  permitted  to  grow  to 
maturity  where  the  seed  is  sown.  However,  if  the  seedlings  are 
transplanted  at  least  once  before  they  are  set  in  their  permanent 
location  which  is  the  usual  practice,  they  develop  well-branched 
laterals  and  a  great  feeding  zone.  Evidently  transplanting  is  of 
considerable  value  in  obtaining  a  dense  root  system  so  that  when 
fertilizers  are  employed  they  loay  be  fully  utilized,  Weaver  and 
Bruner  (57)  also  found  that  the  most  profuse  root  branching  in 
tomatoes  occurred  2-8  inches  below  the  surface  and  that  poor 
branching  was  found  at  the  8-10  inch  depth.  Furthermore,  the 
branch  roots  extended  9-12  inches  from  the  taproot,  with  a  maxi¬ 
mum  of  2  feet  in  old  plants.  Since  the  application  of  fertilizers 
usually  takes  place  when  the  plants  are  relatively  young  and  also 
because  the  feeding  area  is  where  the  root  tips  are  found,  it  would 
seem  that  the  best  results  would  be  obtained  by  locating  the  fertil¬ 
izer  material  6-12  inches  from  the  taproot  and  about  8  inches 
deep.  The  use  of  fertilizer  solutions  would  have  considerable 
promise  in  carrying  the  nutrients  to  this  zone.  Localized  placement 
of  this  kind  has  been  found  to  be  particularly  effective  in  tomato 
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culture  because  it  promotes  more  complete  utilization  of  nutrients 
and  ultimately  earlier  fruit  ripening  (5)  (55)* 

Llagistad  and  Truog  (58 )  found  that  localized  placement 

increased  the  osmotic  pressure  of  the  young  plants  and,  in  turn, 

o 

lowered  the  freezing  point  of  the  plant  1-2  C*  This,  they 
decided,  is  sufficient  to  prevent  plants  from  being  frozen  by  late 
spring  frosts  if  the  latter  are  not  too  severe*  This  would  make 
early  field  planting  possible  and  subsequently  promote  early  fruit 
maturity* 

In  regard  to  the  time  of  maximum  nutrient  absorption  by 
tomatoes,  fl&aver  and  Bruner  (57)  and  Boswell  (5)  state  that  early 
fruit  maturity  is  increased  by  fertilizing  early  because  the  spring 
moisture  helps  to  dissolve  the  fertilizer  material*  Furthermore, 
Hester  (16),  Lewis  and  Llarmoy  (25)  and  DuPont  (66)  showed  that  in 
tomato  plants  the  rate  of  nutrient  uptake  follows  the  rate  of  dry 
matter  production  fairly  closely,  being  slow  in  the  early  stages  of 
growth,  attaining  a  maximum  in  June  and  July,  and  then  declining* 
During  the  first  month  following  transplanting,  tomatoes  made  only 
2  percent  of  their  total  growth  and  absorbed  only  3  percent  of  the 
total  plant  food,  which  was  about  2  percent  of  the  plant  food 
applied  in  the  fertilizer*  In  the  second  month,  the  plants  made 
26  percent  of  their  growth  and  absorbed  approximately  30  percent 
of  their  food,  or  25  percent  of  the  total  quantity  of  applied 
fertilizer*  In  the  third  and  final  month,  the  tomatoes  made  72 
percent  of  their  growth  and  absorbed  about  two-thirds  of  the  total 
plant  food  (61)*  Evidently  the  plants  utilized  most  of  the  plant 
food  applied  in  the  fertilizer  during  the  third  month  of  growth* 
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Fertilizer  Amjr.o 
in  Field  Only 
PLACED  Z-C  FROM  HANTS 


Fertilizer  Applied 
Indoors  lupin  Field 


Fertilizer  Appued 
Indoors  Only 


Figure  5 

Field  plan  of  fertilizer  and 
depth  of  planting  experiments* 
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Furthermore,  Heater  (16)  eraphas i zed  that  it  was  particularly 
desirable  to  apply  nutrients  in  two  or  three  applications. 

The  kind  of  fertilizer  to  use  in  promoting  early 
fruit  maturity  in  tomatoes  is  obviously  one  in  which  phosphor¬ 
us  is  predominant,  according  to  the  foregoing  review.  This  sup¬ 
position  is  supported  by  the  results  of  a  fertilizer  experiment 
conducted  with  tomatoes  in  New  York  by  Sayre  (44).  The  most 
significant  early  yields  were  obtained  by  the  use  of  a  complete 
fertilizer  high  in  phosphorus.  A  so-called  complete  fertilizer 
is  one  in  which  all  three  fertilizer  elements,  namely,  nitrogen, 
phosphorus  and  potassium  are  represented. 

Hethod  of  Procedure 

The  methods  used  in  all  the  activities  of  this  work  were 
designed  for  rapid  manipulation*  The  reason  far  this  is  obvious 
and  is  perhaps  mare  clearly  seen  as  the  details  of  the  method  used 
ar6  described*  Suffice  it  to  be  stated  that  since  the  fertilizers 
were  applied  in  their  most  rapidly  available  form  (liquid),  the 
plants  in  all  the  replicated  plots  would  have  to  receive  their 
portion  at  the  same  time  or  nearly  so  in  order  to  keep  the  effect 
uniform.  In  practically  all  cases  the  methods  employed  were 
original  or  modifications  of  practices  used  by  other  workers  so 
that  efficiency  could  be  obtained* 

Variety  used 


The  Bison  variety  was  used  and  the  seed  was  obtained 
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Figure  6 

The  commercial  fertilizer  test  plot  in  mid-summer* 
Each  stake  represents  a  different  treatment  and 
precedes  five  tomato  plants# 
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from  the  UcFayden  deed  Company,  Winnipeg,  Manitoba.  Bison  was 
selected  for  this  experiment  since  it  is  relatively  early  in 
maturing  its  fruit,  the  fruits  are  large,  and  the  plants  are 
self-pruning  (determinate  -type). 

Fertilizer  mixtures  usad 

fixtures  of  commercial  fertilizers  containing  the  three 
essential  "plant  food"  elements  (nitrogen  -  phosphorus  -  potas¬ 
sium  were  used.  The  form  in  which  the  essential  elements  were 
used  varied  somewhat  according  to  the  nature  of  the  compound  in 
which  they  were  held.  In  Mixture  1,  nitrogen  was  used  in  the 
forms  of  nitrate  of  soda  and  ammonium  sulphate.  The  nitrate  of 
soda  was  expected  to  produce  available  nitrogen  immediately  when 
put  into  solution.  However,  ammonium  sulphate,  was  expected  to 
release  nitrogen  somewhat  more  slowly  than  the  nitrate  of  soda 
because  the  anmonium  sulphate  must  first  undergo  a  nitrifying 
process  which  is  promoted  by  a  particular  kind  of  bacteria. 

Thus,  by  the  use  of  these  two  compounds  a  quickly  available 
and  relatively  constant  supply  of  nitrogen  was  expected.  The 
phosphorus  element  was  supplied  in  Mixture  1  as  triple  super¬ 
phosphate  (45  percent  available  phosphorus)  and  as  amonium 
phosphate  (11-48).  The  anmonium  in  the  latter  compound  was  ex¬ 
pected- not  only  to  supplement  the  nitrogen  supply  but  also  to 
improve  the  physical  condition  of  the  fertilizer.  Potassium  was 
supplied  in  the  form  of  potassium  sulphate.  Mixture  1  was  made  up  to 
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Figure  7 

The  dark  area  at  the  base  of  the  plant  illus¬ 
trates  the  limited  space  to  which  the  fertil¬ 
izer  solution  was  ap plied  in  depressions  4  - 
12  inches  in  diameter* 
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an  8  -  22  -  6  fertilizer;  that  isf  it  contained  8/6  nitrogen,  22 % 
phosphorus,  and  &jo  potassium.  To  make  this  the  following  were 
employed i 


Triple  super  phosphate 

(43/6) 

375  grams 

Ammonium  phosphate 

11-48 

125  grams 

Sodium  nitrate 

(16^6) 

250  grams 

Potassium  sulphate 

( 50/6) 

125  grams 

Ammonium  sulphate 

{20%) 

125  grams 

1,000  grams 

The  ingredients  of  fertilizer  Mixture  No,  2  consisted 
of  three  conpounds  only,  namely,  triple  superphosphate,  aianonium 
sulphate  and  potassium  sulphate.  The  mixture  was  made  up  to  an 
6-24-6  fertilizer  having,  according  to  the  figures  just  men¬ 
tioned,  6%  nitrogen,  24^>  phosphorus,  and  6%  potassium.  To  make 
up  this  mixture  only  three  compounds  were  used,  namely* 

Triple  super  phosphate  (43J6)  567  grams 

Ammonium  sulphate  ( SO/6 j  305,5  grams 

Potassium  sulphate  ( 50/b )  127,5  grams 

1,000  grams 

Mixture  No,  3  was  a  factory  mixed  fertilizer  containing 
9%  nitrogen,  27%  phosphorus,  and  9/6  potassium, 

Applying  the  fertilizer  solutions 

The  fertilizer  solutions  were  applied,  in  general,  in 
three  different  ways.  First,  they  were  applied  to  the  small 
tomato  seedlings  growing  in  boxes  in  the  greenhouse.  When  applied 
in  this  way  the  fertilizer  solutions  were  considered  or  referred 
to  as  Mstarter  solutions”.  In  certain  areas  in  the  United  States 
the  fertilizers  solutions  ap  plied  to  tomato  plants  at  transplant- 
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ing  time  in  the  field,  are  known  as  starter  solutions*  The 
second  method  of  applying  the  fertilizer  solution  was  to  make 
the  application  after  the  plants  were  set  in  the  field*  Sev¬ 
eral  field  applications  were  made*  A  third  method  of  applica¬ 
tion  was  to  combine  the  first  two  and  to  use  the  solutions  in 
the  greenhouse  and  in  the  field* 

The  starter  solution  used  in  this  experiment  was  made 
xip  at  each  application  by  mixing  one-half  cup  of  stock  solution 
with  one  quart  of  water*  The  stock  solution  was  prepared  by 
dissolving  one  pound  of  the  fertilizer  mixture  in  a  small  quantity 
of  hot  water  and  then  making  it  up  to  &  gallon  of  cold  water* 

The  tomato  plants  were  all  started  in  the  greenhouse  in 
"flats"  or  flat  boxes  measuring  15  x  21  x  3  inches*  The  plants 
which  received  the  indoor  treatment  were  permitted  to  become 
established  in  the  flats  before  the  fertilizer  solutions  were 
applied*  After  the  applications  were  once  begun  all  the  moisture 
requirements  of  the  plants  were  supplied  by  the  fertilizer  sol¬ 
utions  only*  The  applications  were  made  as  often  as  the  plants 
needed  moisture.  This  amounted  to  five  applications  at  ten  or 
twelve  day  intervals* 

In  applying  the  fertilizer  solutions  in  the  field  each 
plant  was  given  one-half  cupful  of  stock  solution  in  one  quart 
of  water*  This  was  done  by  pouring  the  solution  into  saucer¬ 
shaped  depressions  around  each  plant*  Two  different  methods  of  field 
application  were  employed*  One  consisted  of  applying  the  solution 
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Figure  8 

In  the  above  illustration  typical  of  the  12  »  24 
inch,  diameter  treatment,  the  comparative  size  of 
the  saucer-shaped  depression,  into  which  the  fer¬ 
tilizer  sd  lution  had  been  poured,  is  shown# 
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in  depressions  12-24  inches  in  diameter,  the  other  in  depres¬ 
sions  4-12  inches  in  diameter* 

In  all  cases  of  fertilizer  application  in  the  field 
uniformity  of  application  was  enplmsized*  The  untreated  check 
plants  were  each  given  an  amount  of  pure  water  equal  in  quantity 
to  that  of  the  fertilizer  solutions  eg  plied  to  each  treated  plant* 
This  was  done  to  eliminate  error,  if  any,  from  the  effects  that 
may  be  obtained  by  using  liquids  in  the  experiment*  The  field 
applications,  four  in  number,  were  made  at  12-day  intervals  be¬ 
ginning  soon  after  the  plants  were  set  in  the  field* 

General  clot  treatment 

The  plants  were  set  in  the  field  in  units  of  five  and 
each  unit  was  replicated  at  random  four  times*  At  harvest  time, 
the  fruits  of  each  unit  were  weighed  and  treated  as  an  individual 
item* 

The  plot  was  located  on  irrigated  land  and  water  was 
applied  three  times  during  the  growing  season*  This  amount  of 
irrigation  water  provided  adequate  soil  moisture  throughout  the 
growing  season  and  insured  constant  and  normal  plant  growth*  The 
soil  was  kept  well  cultivated  and  weed  competition  was  not  toler¬ 
ated* 

Harvesting  and  recording  yields 


Because  of  the  large  size  of  the  plot  much  labor  was 
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required  to  harvest  and  record  the  yield  data,  and  general  notes  of 
each  plot*  One  inaa  alone  required  about  twenty  hours  to  make  a 
complete  and  thorough  job  each  time.  However,  the  work  was  organ¬ 
ised  in  such  a  way  that  four  men  were  able  to  do  the  same  work  in 
4-5  hours.  This  method  consisted  of  picking  all  the  ripe  tomatoes 
in  the  plot  and  placing  them  at  the  base  of  the  stake  representing 
each  treatment.  Then  each  lot  was  weighed  and  recorded  in  pounds 
and  ounces  and  later  these  figures  were  converted  to  pounds  and 
fractions  thereof.  For  example,  three  pounds  and  five  ounces  were 
recorded  in  the  field  simply  as  3  -  5  and  later,  when  the  yields 
were  placed  in  tabular  form,  these  were  designated  as  5.8  pounds. 
This  practice  permitted  rapid  and  accurate  recording  in  the  field. 

Experimental  Results  and  Discussion 

In  analyzing  the  data  of  the  fertilizer  experiments  it 
was  somewhat  difficult  at  first  to  arrive  at  a  good  criterion  or 
index  of  earliness  or  early  maturity  of  the  different  treatments 
under  test.  The  earliest  date  at  which  ripe  fruit  could  be  harves¬ 
ted  was  thought  at  first  to  be  a  good  criterion  but  later  it  was 
found  to  be  unreliable.  It  was  discovered  that  a  number  of  factors, 
such  as  diseases,  insects,  and  mechanical  injury,  often  promoted 
premature  ripening.  Moreover,  it  was  found  that  certain  plants 
will  sometimes  begin  production  with  one  ripe  fruit  while  others 
produce  two  and  three  fruits  at  the  same  time.  Accordingly,  the 
total  production  of  ripe  fruit  was  considered  to  be  the  most  re- 
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TABLE  I 


Fertilizer  Solutions  Applied  in  Greenhouse  Only. 
(Starter  Solutions) 


Treatment 

Rep. 

No. 

Position 
in  plot 
R  -  B 

Individual  Harvest 
.  V/eiRhts 

Total  Yields 

lbs.  -  oz. 

lbs.  -  oz. 

lbs. 

Mixture 

1 

1  :  3 

0-44  1-64  2-10 

4-4 

4.25 

No.  1 

2 

2  :  2 

0-24  0-124  2-542-6 

5-9 

5.56 

3 

3  :  4 

0-1040-542-8 

3-7 

3.43 

4 

4  :  1 

0-1040-1541-342-2 

4  -14 

4.87 

Average 

4.53 

Mixture 

1 

1  :  4 

0-441-641-640-1345-4 

9-1 

9.06 

No.  2 

2 

2  :  1 

0-740-1441-046-041-2 

9-7 

9.43 

3 

3  :  3 

0— 1 34 0— 54I— 642— 5 

4  -13 

4.81 

4 

4  :  2 

0-541-241-14 

3-5 

3.31 

Average 

6.65 

Mixture 

1 

1  :  1 

0—342—342—644—1046—8 

15  -14 

15.87 

No.  3 

2 

2  :  3 

0-644-1241-1042-845-0 

14-4 

14.25 

3 

3  :  2 

1-040-1542-244-4 

8-5 

8.31 

4 

4  :  4 

0-342-840-942-1342-0 

8-1 

8.06 

Average 

11.62 

Check 

1 

1  :  2 

0-54 1-14 1-64 1-14 1- 2 

4  -15 

4.93 

2 

2  :  4 

0-341-940-1243-245-2 

10  -12 

10.75 

3 

3  :  1 

0-441-244-646-042-7 

14-3 

14.18 

4 

4  :  3 

0-941-741-240-843-8 

7-2 

7.12 

Average 

9.24 

Check  Average  of 

- 1— 

Entire  Experiment 

12.87 

Note: 

R  -  B  refers  to  row  and  block  positions. 
Rep.  Replicate 

The  Yield  Total  represents  the  total  yield 
of  ripe  fruits  of  five  plants. 
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TABLE  II 


Analysis  of  Variance  of  the  Data  for  the  * 
Application  of  Fertilizer  Solutions  Indoors  Only. 


Variance  due  to 

Sura  of  Squares 

D.F. 

Mean  Square 

F. 

5/o  Point 

Replicates 

32.6603 

V 

10.8868 

2.19 

5.41 

Columns 

59.3253 

3*1 

19.7751 

3.98 

5.41 

Blocks 

7.0225 

1*1 

7.0225 

1.41 

6.61 

Treatments 

112.0566 

3nl 

n 

37.3522 

7.51 

5.41 

Error 

24.8657 

5n 

4.9731 

Total 

235.9304 

15 

Standard  Error  for  the  experiment .  2.11 

"  M  "  N  "  in  percent . .  26.18^ 

"  "  M  M  mean  of  one  treatment .  1.06 

Significant  Difference .  3.17 


Note:  * 

The  calculations  of  the  table  of  variance  are  given  in 
the  appendix  at  the  end  of  the  manuscript. 

D.f.  refers  to  the  degrees  of  freedom. 

F.  refers  to  the  F  value. 

Comments:  Despite  the  fact  that  the  standard  error  of 
this  part  of  the  fertilizer  experiment  is  rather  high  it  is  still 
within  the  arbitrary  working  limit  and  hence  the  si  gnif  leant  dif¬ 
ference  has  some  value.  The  cause  of  the  rather  high  error  is 
unknown,  but  it  is  assumed  that  this  is  due  largely  to  the  fact 
that  tomato  plots  are  generally  exposed  to  a  certain  amount  of 
pilfering,  thus,  certain  plots  are  apt  to  show  greater  yields  than 


others  of  the  same  treatment 
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TABLE  III 


Fertilizer  (Starter)  Solutions  Applied  in  the 
Greenhouse  and  also  in  the  Field 


Treatment 

Rep. 

No. 

Position 
in  plot 

R  -  B 

Individual  Harvest 
Weights 

Total  Yield 

lbs.  -  oz. 

lbs.  -  oz. 

lbs. 

Mixture 

1 

1  :  1 

0—14+0— 143-044—2 

8-1 

8.06 

No.  1 

2 

2  :  4 

1—4 4 1— 34 2— 84 2— 8— 

7-7 

7.43 

3 

3  :  3 

0-540-942-1343-6 

7-1 

7.06 

4 

4  :  2 

0-541-342-042-1 

5-9 

5. 83 

Average 

7.09 

Mixture 

1 

1  :  3 

0-342-446-244-6 

12  -15 

12.93 

No.  2 

2 

2  :  2 

1-341-1042-1140-14 

6-6 

6.36 

3 

3  s  1 

1-040-841-243-14 

6-8 

6.55 

4 

4  :  4 

1-1541-341-4 

4-6 

4.36 

Average 

7.55 

Mixture 

1 

1  :  2 

0-1143-940-343-744—944-4 

16  -11 

16.68 

No.  3 

2 

2  :  3 

1-644-642-842-248-12 

18-2 

18.12 

3 

3  s  4 

0-342-1445-045-6 

15-7 

13.43 

4 

4  :  1 

4-944-1142-1440-15 

13-1 

13.06 

Average 

15o32 

Check 

1 

1  :  4 

0—143—942—843—1545—0 

15-1 

15.06 

2 

2  :  1 

0-541-043-249-0 

15-7 

13.43 

3 

3  :  2 

3-245-441-245-2 

L4-  10 

14.62 

4 

4  :  3 

0-841-246-342-1042-4 

12  -11 

12.70 

Average 

13.95 

Check  Average  of 

Entire  Experiment 

12.87 

Note: 


E  -  B  refers  to  row  and  block  positions. 
Eep.  Replicate 

The  Yield  Total  refers  to  the  total  yield 
of  ripe  fruits  of  five  plants. 
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TABLE  IV 


Analysis  of  Variance  of  the  Data  for  the 
Application  of  Fertilizer  (Starter)  Solutions  in  the 
Greenhouse  and.  in  the  Field 


Variance  due  to  Sum  of  Squares  D.F.  Mean  Square  F.  5 %  Point 


Replicates  37.0653  3nl  12.3551  17.71  5.41 

Columns  17.2147  3nl  5.7382  8.22  5.41 

Blocks  8.2945  lnl  8.2945  11.88  6.61 

Treatments  218.204  8  3nl  72.7349  104.20  5.41 

Error _ 3.4901 _ 5 _ .6980 _ 

Total  284.2694  15 

Standard  Error  for  the  experiment .  .84 

"  "  "  "  “  in.  percent .  7.65$ 

”  M  "  ”  Mean  of  ohe  treatment .  .42 

Significant  Difference  .  1.26 


Note* 

J£ 

The  calculations  for  the  table  of  variance  are  given  in 
the  appendix  at  the  end  of  the  manuscript. 

D.F.  refers  to  the  Degrees  of  Freedom. 

F.  refers  to  the  F  value. 


Comments:  In  this  particular  section  of  the  fertilizer 
experiment  the  standard  error  is  comparatively  low  which  indicates 
that  the  yields  were  fairly  accurate  and  representative  of  the 
different  treatments.  Moreover,  the  fact  that  the  error  in  this 
section  is  low  supports  the  reason  given  for  the  large  error  in 
the  previous  section,  namely,  the  application  of  fertilizer  sol¬ 
utions  in  the  greenhouse  only.  A  glance  at  the  field  plan  (Fig.  5) 
shows  that  the  greenhouse  plus  field  plot  was  in  the  centre  of  the 
field  and  hence  not  so  accessible  to  pilferers  as  the  others. 
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TABLE  V 


Fertilizer  Solutions  Applied  in  the  Field  Only 
in  Depressions  Four  to  Twelve  Inches  in  Diameter 


Treatment 

Edp* 

NO. 

Position 
in  plot 

R  -  B 

Individual  Harvest 
Weights 

Total  Yields 

lbs.  -  oz. 

lbs.-oz. 

lbs. 

Mixture 

1 

1  *  1 

0-1041-845-446-247-0- 

20-8 

20.50 

No.  1 

2 

2  t  3 

1-041-745-4410-8 

18-3 

18.18 

3 

3  »  4 

0-341-942-443-345-12 

12  -15 

12.93 

4 

4  :  2 

1-1141-443-124 8-104 8-2 

23-7 

23.43 

Average 

18.76 

Mixture 

1 

1  j  3 

2-1343-1243-12411-547-6 

29-0 

29.00 

No.  2 

2 

2  :  1 

O-I245-444-I443-6 

14-4 

14.25 

3 

3  :  2 

2—042—542—045—043—4 

14-9 

14.56 

4 

4  t  4 

1-14 0-1 142-44 8-046-7 

18-7 

18.43 

Average 

19.06 

Mixture 

1 

1  :  2 

0-1344-1344-247-1144-2 

21-9 

21.56 

No.  3 

2 

2  s  4 

0-441-041-540-1343-14410-8  17-12 

17.75 

3 

3  ;  1 

0-1543-645-644-1047-0 

21-5 

21.31 

4 

4  t  3 

0—344—144—843—445—6 

17-6 

17.36 

Average 

19.49 

Check 

1 

1  :  4 

2-141-343-847-844-8 

18  -  12 

18.75 

2 

2  *  2 

1-1541-943-647-1446-12 

21-8 

21.50 

3 

3  s  3 

0—1441—041—1442—12 

6-8 

6.50 

4 

4  s  1 

1-045-447-244—3 

17-9 

17.56 

Average 

16.08 

Check  Average  of 

Entire  Experiment 

12.87 

Note  * 

R  -  B  refers  to  row  and  block  positions. 
Hep  Replicate 

The  Total  Yields  refer  to  the  total  yields 
of  ripe  fruits  of  five  plants. 
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TABLE  VI 


Analysis  of  Variance  of  the  Data  for  the 
Application  of  Fertilizer  Solutions  in  the  Field 
in  Depr ess ions  Four  to  Twelve 
Inches  in  Diameter 


Variance  due  to 

Sum  of  Squares 

D.F. 

Mean  Square 

F. 

5 c/o  Point 

Columns 

23.7079 

3n2 

7.9026 

.2558 

9.12 

Rows 

152.8201 

3nl 

50.9400 

1.6492 

6.59 

Blocks 

47.3000 

Ini 

47.3000 

1.5313 

7.71 

Treatments 

28.5898 

3n2 

9.5299 

.3085 

9.12 

Error 

123.5542 

4 

30.8886 

1.0000 

Total 

375.9720 

14* 

Standard  Error  for  the  experiment  . . .  5.56 

M  "  "  ”  "  in  percent  ••*...  30.30 $ 

M  "  "  ”  Mean  of  One  Treatment  ..••••  2.78 

Significant  Difference . . .  8.34 


Notes 

a  The  Degrees  of  Freedom  were  reduced  by  one  due  to  the 
correction  for  a  missing  value. 

D.f.  Degrees  of  Freedom. 

F.  refers  to  the  F  value. 


Conments:  The  standard  error  in  this  section  of  the  fertil¬ 
izer  experiment  is  comparatively  high  and  almost  beyond  the  arbitrary 
limit  for  the  practicability  of  the  data.  The  reason  for  this  error 
is  again  obvious  by  consulting  the  cut  of  the  field  plan  on  page  3.6 
which  shows  this  plot  at  the  end  of  the  field  exposed  to  those  who  do 
not  always  respect  the  exactness  of  experimental  yjork© 
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TABLE  VII 


Fertilizer  Solutions  Applied  in  the  Field  Only 
in  Depressions  Twelve  to  Twenty-four  Inches  in  Diameter 


Treatments 

Rep. 

No. 

Position 
in  plot 

R  -  B 

Individual  Harvest 

Wei  Rifts 

Total  Yields 

lbs*  -  oz. 

lbs.-oz 

lbs* 

fixture 

1 

6  *  3 

2-345-1445-1448-1447-12 

30-9 

30.56 

No.  1 

2 

6  *  1 

1-443-942-844-1345-6 

17-8 

17.50 

3 

7  *  2 

0-541-841-548-043-14 

15-0 

15.00 

4 

S  :  4 

0-542-1442-943-2+3-14 

12  -12 

12.75 

Average 

18.95 

fixture 

1 

5*4 

0-343-042- 134&- 844-4 

13  -12 

13.75 

No*  2 

2 

6  :  2 

3-441-946-1244-12 

16-5 

16.31 

3 

7  *  3 

0-12+3-042-13413-045-12 

25-5 

25.31 

4 

8  *  1 

1-242-443-1041-642-4 

10  -10 

10.62 

Average 

16.50 

Mixture 

1 

5  *  2 

2-848-744-0 

14  -15 

14.93 

No.  3 

2 

6  t  4 

0-441-842-045-543-10 

12  -11 

12.68 

3 

7  *  1 

1—243—441—548—1544—2 

18  -12 

18.75 

4 

8  *  3 

0-1341-1140-1245-1344-8 

13-9 

13.56 

Average 

14.98 

Check 

1 

5  *  1 

0- 1442-440-543- 844-444- 8 

15  -11 

15.68 

2 

5  *  3 

0-841-1341-942-1043-0 

9-8 

9.50 

3 

7  *  4 

0-841-041-043-042-14 

8-6 

8.36 

4 

8  s  2 

2-443-747-1047-2 

20-7 

20.43 

Average 

13.49 

Z heck  Average  of 

Entire  Experiment 

12.87 

Note* 

R  -  B  refers  to  row  and  block  position* 


Rep*  Replicate 

The  Total  Yields  refer  to  the  total  yields 
of  ripe  fruits  cf  five  plants* 
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TABLE  VIII 


Analysis  of  Variance  of  the  Data  for  the 
Application  of  Fertilizer  Solutions  in  the  Field  in  Depressions 
Twelve  to  IVrenty-f our  Inches  in  Diameter 


Variance  due  to  Sum  of  Squares 

D.F. 

Mean  Square 

F. 

5$  Point 

Columns 

125.7610 

3nl 

41.9203 

.8773 

5.41 

Hows 

59.7921 

3nl 

19.9307 

.4171 

5141 

Blocks 

2*9669 

Ini 

2.9669 

.0621 

6.61 

Treatments 

65. 1649 

3al 

21.7216 

.4546 

5.41 

Error 

238.9246 

5 

47.7849 

1.0000 

Total 

492.6095 

15 

Standard 

Error  for  the  experiment 

.  6.91 

tt 

it  it  it 

H 

in  percent  .. 

.  43.24$ 

k 

'*  H  11  T.fa 

of  One 

Treatment  • . 

.  3.45 

Significant  Difference  .. 

.  10.36 

Note* 

D.f.  Degrees  of  Freedom. 

F  refers  to  the  F  value. 


Comments*  Unfortunately  the  standard  error  for  this  plot 
is  exceptionally  high,  much  more  so  than  any  of  the  previous  ones* 
The  reason  for  this  error  is  also  attributed  to  the  causes  mentioned 
in  the  previous  Analysis  of  Variance  for  data  in  Table  III*  By  con¬ 
sulting  the  cut  of  the  field  plan  on  page  3-6  this  part  of  the  fer¬ 
tilizer  experiment  will  be  seen  to  be  located  in  a  vulnerable 
position  as  far  as  pilfering  is  concerned* 


/ 


lo'i 


c  ..  , 


•xo; 


JL 


.(  i  -o  ': 


T-fr 


.  O  i 


- 


:.s:  . 


c-  .  uii  ■ 


i.irj-lc  I 
r.;c 

•:* 

_ _ ip  v_-_ . 


■  -I'-.'+J  w 

■ 


ro.. 


> 


.  ’it  ’  -y  > 
tv 


..  c-  it 


. 


••  '  •  Z”S  :  ?■ 


\;I  t  •  "  -  C 

:  08  9t(  ••  .  t 

;ii.y  o*  ivJJ  oci  Wxrj...<  ‘  10 1  -tn 

■  •  •  .  0  '  ■  ui  . 

3  .  >•  o  :mI  .1':  i  ..  v  Jr*  '  1 .  -  -  : 

.  ■  •  j  ■  :  x ' : 


,t..  '  >  ■  ‘  1  • 

s-  •:  -  '•  a..  Iv  2v. 


54 


Showing  average  yields  of  ripe  fruit  for  four  plots 
of  tomatoes  promoted  by  three  different  fertilizer 
mixtures  in  solution  end  four  different  treatments 
with  each  fertilizer. 


FERTILIZER  MIXTURE  No.  1.  ( 


Check 

indoors  only 
indoors  plus  field 
Field  only  2" -6" 
Field  only  »6"-l 2" 


FERTILIZER  FIXTURE  No. 


Check 

Indoors  only 
indoors  plus  field 
Field  only  £  2"-6" 
Field  only  &  6"-12" 


12.67  lbs. 


ll7b21bsZ 


13.98  lbs 


19.49  lbs. 


.4.98  lbs. 


Figure  9 

Results  of  the  entire  fertilizer 
experiment  in  bar  graph  form. 
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A  comparison  of  the  results  of  the  fertilizer  mixture  a 

Evidently  the  general  reaction  to  the  fertilizer  mix¬ 
tures,  except  for  Llixture  No*  3,  which  is  a  factory-mixed  com¬ 
pound,  was  much  the  same.  If  the  results  of  the  indoor  applica¬ 
tion  of  fertilizers  are  disregarded  it  is  also  evident  that  fer¬ 
tilizer  Mixtures  1,  2  and  3  are  quite  effective  in  promoting  the 
rapid  ripening  of  tomatoes.  In  this  regard,  it  was  found  that 
in  most  cases  an  approximate  increase  of  47,62  percent  was  ob¬ 
tained  over  the  yields  of  the  check  plot, 

A  comm  r  is  an  of  the  results  of  the  method  of  a-pnlication 

The  striking  fact  of  the  entire  fertilizer  experiment  is 
that  negative  results  were  obtained  by  the  indoor  use  of  Mixtures 
1  and  2,  In  all  cases  the  yields  were  consistently  and  also 
considerably  lower  than  those  of  the  check  plots.  The  reason  for 
this  is  quite  apparent  in  view  of  the  fact  that  at  the  time  the 
plants  were  set  in  the  field  all  the  growth  was  very  soft  and 
tender,  possibly  the  result  of  nitrogen  activity.  When  the  young 
plants  were  transferred  to  the  field  they  received  a  severe  check 
by  wilting  badly  and  it  took  four  or  five  days  for  complete  re¬ 
covery,  This  delay  in  growth  undoubtedly  seriously  deferred  the 
early  ripening  of  the  fruit  they  were  to  produce  later  on.  The 
plant  response  obtained  in  this  particular  case  followed  quite 
closely  at  first  the  initial  theory  that  the  nitrogen  content 
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of  the  fertilizer  mixtures  would  promote  the  production  of  large 
plants  rapidly  and  that  by  the  time  the  bulk  of  the  nitrogen 
supply  had  been  exponded  the  phosphorus  would  slow  down  the 
growth  and  cause  the  reproductive  functions  of  the  plants  to  pro¬ 
ceed*  However,  the  check  through  transplanting  had  not  been  an¬ 
ticipated.  It  would  seem  evident  that  a  repetition  of  these  re¬ 
sults  would  occur  if  the  same  procedure  as  was  here  employed  should 
be  used  again*  Moreover,  it  would  seem  doubtful  if  a  satisfactory 
method  of  transplanting  tomatoes  treated  with  Mixtures  1  and  2 
could  be  devised  so  that  the  plants  would  not  be  checked  in  growth. 

Fertilizer  Mixture  No*  3  was  practically  similar  in  its 
’•plant-food"  content  as  Mixtures  1  and  2  but  the  results  differed 
considerably.  With  the  indoor  treatment  the  results  of  Mixture  3 
were  practically  the  same  as  the  check  plots  and  only  in  one  case 
did  the  plants  fertilized  in  the  field  with  Mixture  3  exceed  in 
yield  the  indoor- treated  and  check-plot  plants*  The  reason  for 
these  marked  differences  of  the  reactions  of  the  fertilizer  mix¬ 
tures  is  not  clear*  However,  it  is  quite  likely  that  the  method 
of  mixing  may  have  had  an  influence  on  the  activity  of  the  elements 

in  the  mixtures*  Factory-mixed  fertilizers  are  usually  ground  to- 

v 

gether  after  mixing  it  is  possible  that  in  this  form  fertilizer 
elements  are  incapable  of  acting  independently  as  readi  ly  as  those 


in  hand-mixed  fertilizers* 
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A  gfifflcarlgQA  Qf  the  metMds  of  field,  application 

When  applying  fertilizers  for  an  expressed  purpose  such 
as  promoting  early  fruit  maturity#  it  is  obvious  that  the  fertil¬ 
izer  must  take  effect  as  rapidly  as  possible.  In  order  to  facili¬ 
tate  this  rapid  action  the  fertilizers  must  be  placed  in  close 
proximity  to  the  root  zone  in  which  the  heaviest  feeding  occurs* 

In  this  experiment  two  methods  of  field  application  were  used  in 
an  effort  to  locate  this  zone.  When  the  saucer-shaped  depressions 
were  made  around  the  tomato  plants  some  were  made  4-12  inches  in 
diameter  and  other  12-24  inches  in  diameter*  In  two  cases  out 
of  three  the  results  favored  the  4-12  inch  diameter  depression. 

A  slight  difference  in  the  results,  favoring  the  12-24  inch 
diameter  depression,  occurred  when  Mixture  3  was  used*  Despite 
the  fact  that  the- analysis  of  variance  of  the  data  shows  consider¬ 
able  error  between  plots  within  a  treatment  and  hence  tends  to 
indicate  that  the  results  are  not  entirely  dependable,  the  fact 
that  differences  in  yield  are  very  marked,  as  shown  on  the  bar 
graph  (Figure  9),  makes  it  difficult  to  believe  that  the  4-12 
inch  diameter  treatment  could  be  superseded  by  the  other  treat¬ 
ment,  particularly  with  hand  mixed  fertilizers  such  as  Mixtures 


1  and  2* 
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PAST  II 

PROMOTING  EARLY  MATURITY  IN  TOMATOES  BY  CERTAIN 
CULTURAL  PRACTICES 


B*  Proper  Depth  of  Planting 


The  proper  depth  of  planting  tomatoes  in  the  field  is 
possibly  one  of  the  most  important  cultural  factors  affecting 
the  early  production  of  ripe  fruit*  This  fact  is  often  over¬ 
looked  by  the  tomato  grower  and  the  plants  are  usually  set  in 
the  field  sinply  according  to  the  existing  soil  and  weather  con¬ 
ditions*  However,  the  data  obtained  in  this  experiment  definitely 
indicate  that  the  best  results  can  be  obtained  only  with  certain 
planting  methods* 

Tomatoes  are  generally  transplanted  to  the  field  during 
the  first  or  second  week  of  June  in  southern  Alberta*  Usually 
the  weather  is  relatively  warm  and  dry  at  this  time  and  this 
greatly  influences  the  success  of  transplanting  operations*  On 
irrigated  land  the  hazard  is  reduced  by  applying  water  but  it 
may  not  always  be  available  when  needed  most  and,  moreover,  under 
dryland  coalitions  the  application  of  water  is  laborious  and  often 
precarious*  In  order  to  alleviate  the  distress  that  may  be  caused 
by  a  water  shortage  many  growers  and  gardeners  resort  to  deep 
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planting*  By  tills  method  the  roots  of  the  tomato  plant  are  placed 
in  the  soil  moisture  which  is  usually  present  deeper  down*  This 
practice  encourages  new  roots  to  form  all  along  the  buried  stem, 
since  the  tomato  plant  is  capable  of  producing  adventitious  roots 
on  any  part  of  the  plant*  Accordingly,  a  large  root  system  is 
produced  which  is  believed  to  be  beneficial  for  tomato  production* 

In  fact.  Weaver  and  Bruner  (57)  reported  that  the  plants  which  were 
set  only  as  deeply  as  they  had  been  growing  previously  in  pots  re¬ 
sulted  in  delayed  fruit  production,  a  smaller  total  yield  and  fewer 
and  smaller  fruits*  Another  advantage  of  deep  planting  is  that  the 
plant  is  held  erect  and  thus  injury  due  to  strong  winds  may  be  re¬ 
duced  after  transplanting  and  before  the  roots  are  re-established 
in  the  soil* 

Deep  planting  may  be  tenef icial  to  the  indeterminate  var¬ 
ieties  of  tomatoes  but  evidently  this  is  not  true  of  the  determinate 
or  self -pruning  varieties  which  produce  a  much  larger  number  of 
blossom  clusters  on  the  first  foot  of  vine  than  the  ordinary  var¬ 
ieties*  Hence,  if  this  region  of  maximum  flower  cluster  production 
is  set  below  or  just  above  the  ground  level  much  of  the  fruit  will 
be  lost  or  the  yielding  ability  of  the  plant  seriously  affected* 

In  direct  contrast  to  the  deep  planting  method,  tomato 
plants  are  sometimes  set  shallowly*  Since  tomatoes  are  a  heat- 
loving  type  of  crop  it  is  believed  that,  by  placing  the  root  system 
as  near  as  possible  to  the  warm  surface  soil,  the  plant  will  grow 
rapidly  and  large*  Furthermore,  this  system  is  sometimes  modified 
so  that  the  stem  of  the  plant  is  buried  near  the  soil  surface  and 
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as  a  result  a  large  and  extensive  root  system  is  produced*  This 
large  root  system  is  thought  to  promote  large  plants  and  heavy 
yields*  Obviously  this  method  would  require  the  use  of  water 
after  the  plants  are  set  and  hence  it  is  adapted  primarily  to  ir¬ 
rigated  conditions* 

Ob.iect  of  the  Investigation 

The  purpose  of  this  experiment  was  to  determine  the 
merits  of  deep  and  shallow  planting  of  tomatoes  and  to  compare 
these  methods  with  the  normal  depth  of  planting*  The  normal 
depth  is  that  at  which  the  plants  grow  in  boxes  before  they  are 
set  in  the  field*  Thus  far,  no  information  supported  by  actual 
data  is  available  for  Alberta  to  substantiate  the  theoretical 
conclusions  regarding  deep  and  shallow  planting* 

Early  ripening  of  tomatoes  may  well  be  expected  to  be 
retarded  by  deep  planting  in  view  of  the  fact  that  only  a  small 
part  of  the  plant  is  left  exposed  above  ground  and  this  has  to 
grow  xip  and  form  a  full-sized  plant  before  fruit  can  be  produced* 
Setting  the  plant  deeply,  therefore,  obviously  has  a  retarding 
effect  on  its  progress  despite  the  fact  that  the  buried  stem  pro¬ 
duces  a  large  adventitious  root  system*  It  is  possible  that  a 
large  root  system  would  be  of  considerable  value  in  hastening 
plant  growth  but  it  would  seem  questionable  whether  this  would 
compensate  for  the  time  lost  by  deep  planting* 
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Figure  10 

Deep  planting,  unquestionably,  fortifies  the  newly- 
transplanted.  tomato  plant  against  drought  but  it 
delays  fruit  maturity#  The  six  inches  «d>ove  refers 
to  the  depth  from  the  base  of  the  stem  while  the 
ruler  shows  the  depth  of  the  basal  roots# 
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In  view  of  these  facts  an  experiment  with  different 
depths  of  planting  wa6  considered  not  only  advisable  but  also  of 
great  importance  to  growers  who  plant  large  quantities  of  tomatoes 

each  year* 

Method 


The  variety  used 

The  Abel  tomato,  a  medium- late  variety,  was  used  for  the 
experiment*  It  has  been  a  relatively  important  variety  with  some 
growers  and  home  gardeners  in  Alberta  during  the  past  five  years* 
Abel  is  a  semi-determinate  type  of  tomato,  producing  plants  with 
a  relatively  heavy  foliage  cover*  The  seed  carried  Dominion  govern¬ 
ment  seed  registration  No*  V714* 

Starting  the  -plants 

The  tomato  seedlings  were  started  in  flats  in  the  usual 
way*  The  seed  was  sown  on  April  5  and  the  young  seedlings  were 
later  transplanted  into  other  boxes  so  as  to  provide  more  room 
for  proper  development*  The  plants  were  finally  transferred  to 
the  field  on  June  8* 

Arrangement  and  number  of  -plants  used 

Five  plants  were  used  for  each  treatment  in  each  of  six 
randomized  blocks.  The  blocks  were  arranged  according  to  the  bal¬ 


anced  block  method  of  randomization* 
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Figure  11 

The  method  of  shallow  planting  is  sometimes 
modified  by  shallowly  burying  the  stem  of  the 
plant#  «n  extensive  root  system  is  produced 
on  the  buried  stem* 
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Setting  the  tomato  plants  In  tho  field 

Great  core  was  used  in  placing  the  plants  uniformly 
at  the  same  depth  and  In  the  right  position  at  planting  time. 

The  deeply-planted  ones  were  so  placed  that  approximately  two 
inches  of  the  plant  tops  were  left  above  the  soil  surface*  The 
plants  that  were  set  shallowly  were  placed  in  a  shallow  trench 
roughly  If-  inches  deep  with  the  root  end  somewhat  deeper  because 
of  the  ball  of  soil*  The  plant  top  3  inches  from  the  end  was 
turned  up  while  the  remainder  of  the  stem  was  buried*  This 
left  2  inches  of  the  top  exposed  above  ground  as  with  the  deeply- 
set  plants*  However,  the  difference  in  the  placement  of  the 
deeply  -  and  shallowly  -  buried  plants  will  be  noted*  The  check 
or  normal  planting  consisted  primarily  of  placing  the  plants  at 
the  same  depth  at  which  they  stood  in  the  indoor  planted  boxes* 

Cultural  tractices 

The  plants  were  irrigated  immediately  after  they  were 
set  in  the  field  and  two  more  applications  were  made  later  in 
the  season  as  the  soil  became  dry  or  as  it  became  evident  that 
they  required  water*  The  soil  was  cultivated  often  enough  to 
keep  it  in  good  tilth  and  free  of  weeds*  The  soil,  in  general, 
was  fertile  and  in  good  condition  to  promote  normal  growth*  In 
all  cultural  practices  the  idea  of  uniformity  for  all  treatments 
in  the  experiment  was  thoroughly  followed* 
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Figure  12 

Early  ripening  of  tomatoes  is  obtained 
by  the  normal  method  of  planting  accord¬ 
ing  to  the  results  here  reported* 


U  ■•w-x.- 

‘  t'i')  ax  aoc*.  If  )i  a 

>o  an  ... 

•  .  •:•  *‘i  ■'.  zi .  r  i  j(:l  ^  ’ 


-  66  — 


Harvesting  and  recording  yields 

In  this  experiment  the  total  weight  of  ripe  fruit  pro¬ 
duced  was  used  as  the  index  of  earliness  promoted  by  the  various 
treatments,  As  the  fruits  ripened  they  were  picked  and  placed 
beside  the  identification  stake  representing  each  treatment.  All 
of  the  randomized  plots  were  harvested,  weighed,  and  recorded  in 
pounds  am  ounces.  Later  when  analyzing  the  data  these  were  con¬ 
verted  to  pounds  and  fractions  thereof. 

Results 

The  results  of  this  experiment  indicate  that  the  depth 
at  which  tomato  plants  are  set  in  the  field  has  a  very  marked 
effect  on  the  earliness  of  fruit  ripening,  Evidently  the  theo¬ 
retical  conclusions  discussed  previously  have  little  practical 
application  as  far  as  the  production  of  ripe  fruit  is  concerned. 

Observation  and  Discussion 

The  data  presented  by  this  experiment  leave  no  doubt 
as  to  the  best  method  to  use  in  planting  tomatoes.  The  normal 
planting  method  is  decidedly  superior  to  shallow  and  deep  plant¬ 
ing  in  the  promotion  of  early  fruit  maturity.  The  data  support¬ 
ing  these  deductions  are  taken  from  plots  planted  at  random  and 
replicated  six  times. 

The  writer  is  aware  of  the  fact  that  the  results  of 
this  experiment  are  subject  to  the  effects  of  environmental  var¬ 
iations,  It  is  possible  that  the  data  will  vaxy  somewhat  from 
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dhowin,^  average  yields  of  ripe  fruit  for  six 
plots  of  tomatoes  planted  at  different  depths. 


8.9  lbs. 


Figure  13 

Deep  and  also  shallow  planting  has 
a  depressing  effect  on  the  yielding 
ability  of  toaaatoeso 
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one  season  to  another.  Furthermore,  the  location  of  the  experi¬ 
ment  also  will  have  a  certain  effect  on  the  variableness  of  the 
data  over  a  period  of  years#  Despite  these  facts  the  results 
obtained  from  this  experiment  are  so  very  contrasting  that  it 
would  almost  be  possible  to  forecast  the  outcome  of  similar  ex¬ 
periments  conducted  in  the  future# 

Shallow  and  deep  planting  practices  may  have  certain 
merits  in  regard  to  moisture  relationships  at  planting  time 
but  according  to  the  experiment  the  beneficial  effects  termin¬ 
ate  at  that  time#  It  would  seem  that  the  only  place  for  deep 
planting  would  be  under  dry  land  conditions  where  moisture  is 
a  limiting  factor  in  the  welfare  of  the  tomato  plant# 
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TABUS  IX 


Results  of  Different  Depths  of  Planting 
Tomatoos 


Treatment 

Rep* 

No. 

Position 
in  plot 

R  -  B 

Individual  Harvest 
V/eifihts 

Total., Yields 

lbs*  -  oz* 

lbs.-o! 

z  lbs* 

Normal 

1 

7  ;  1 

0-740—241-341—246-0 

8-14 

8.87 

Planting 

2 

5  s  2 

0-740-12+1-441-1044-8 

8-9 

8.56 

3 

6  s  3 

0-5+0-1540-1440-7+6-0 

8-9 

8.56 

4 

5  t  4 

0-241-841-242-044-10 

9-6 

9.36 

5 

7  i  5 

0-441-342-1444-14 

9-3 

9.18 

6 

6  t  6 

0—840—1243—444—3 

8-11 

8.71 

Average 

8.90 

Shallow 

1 

6  s  1 

1-541-140-442-242-13 

7-9 

7.56 

Planting 

2 

7  t  2 

0-841-440-1240-15 

3-7 

3.43 

5 

5  s  3 

0-10+1-840-741-1245-0 

9-5 

9.31 

4 

7  s  4 

0-9+1-7+0-741-242-4 

5-13 

5*81 

5 

6  :  5 

0—2+1—242—0 

3-4 

3*25 

6 

5  :  6 

0—6+1— 5+1—  &f 0—124 2— 2 

5-14 

5.87 

Average 

5.87 

Deep 

1 

5  :  1 

0—11+1—440—1142—842—1 

7-3 

7.18 

Planting 

2 

6  s  2 

0—6+1—540—140—9 

2-5 

2.31 

3 

7  s  3 

0—11+0—840—8+1—44 5—0 

7-15 

7.93 

4 

6  s  4 

0—940—440—241—1245—12 

8-7 

8.43 

5 

5  t  5 

0-640-440-841-242-0 

4-4 

4.25 

6 

7  :  6 

1-140-1441-942-2 

5-10 

5^ 

— 

Average 

, —l 

5.95 

Notes 

The  Total  Yields  refers  to  the  total  yield  of 
ripe  fruit  per  five  plants 

R  -  B  refers  to  the  block  and  position* 

Rep*  refers  to  the  replicate  number. 
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TABLE  X 


Analysis  of  Variance  of  the  Data  for  the  Different 


Depths  of  Planting 


Variance  due  to 

Sum  of  Squares 

D.F. 

Mean  Square  F 

9 %  Point 

Treatments 

35.0862 

2jjl 

17.5431 

6.24 

4.74 

Paired  Treatments 

2.7945 

2n2 

1.3973 

.50 

19.36 

Replicat ions 

33.4195 

5nl 

6.6839 

2.38 

3.97 

Error 

19.6833 

7 

2.8119 

Total 

90.9835 

16 

Standard  Error  for  the  experiment .  1*68 

"  "  M  "  "  in  percent .  24.35^ 

w  "  11  ”  Mean  of  One  Treatment  . .  .69 

Significant  Difference  . . . .  2.06 


Notes 

D.F.  Degrees  of  Freedom 

F.  F  value 

as  The  calculations  on  which  the  results  of 

this  table  are  based  are  given  in  the 
appendix 


Corments:  Y/hile  the  standard  error  of  the  experiment  is 

comparatively  high,  it  is  still  within  the  arbitrary  working  limit 
and  hence  indicates  the  reliability  of  the  data  for  making  deductions 
in  regard  to  the  different  treatments. 
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PART  III 

PROMOTING  MATURITY  IN  TOMATOES  BY  GREEN  RIPENING 


Ripening  full  grown  tomatoes  indoors  is  an  important 
means  of  producing  ripe  fruit  long  after  frost  has  destroyed  the 
field-grown  vines  and  it  is  often  possible  to  ripen  large  quantities 
of  fruit  as  late  as  December.  It  is  an  important  phase  of  commer¬ 
cial  vegetable  storage  and  it  also  serves  as  an  important  function 
in  many  farm  homes. 


Ob.iect  of  the  Experiment 

A  number  of  methods  of  ripening  full  grown  green  tomatoes 
indoors  are  in  use.  Each  of  these  is  said  to  promote  more  rapid 
ripening  than  the  other,  although  in  no  case  has  data  been  presented 
to  show  their  relative  merits.  It  was  with  the  idea  of  ascertaining 
the  efficiency  of  the  methods  in  general  use  and  also  to  select  the 
most  single  and  effective  procedure  that  this  experiment  was  con¬ 
ducted. 

Methods  in  use 

Full  grown,  green  tomatoes  are  generally  selected  for 
after  ripening.  They  must  be  dry  and  relatively  free  of  foreign 
material  such  as  soil.  They  are  placed  in  ordinary  room  temper¬ 
ature  and  in  usual  daylight  exposure  either 

1.  fully  exposed  and  placed  in  single  layers  on  tables. 
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shelves  or  on  a  floor,  or 

2*  wrapped  separately  in  paper  whjc  h  is  either  white,  red 
or  black*  Each  paper  color  has  advocates*  V/hite  paper 
produces  a  dispersed  lighting  effect  which  is  believed 
by  some  to  have  particular  advantages*  Red  color  is 
thought  by  others  to  contribute  to  full  and  rapid  col¬ 
oring  of  the  fruit*  Black  paper  also  has  been  used  and 
it  is  believed  by  still  others  that  the  total  darkness 
thus  obtained  is  necessary  for  best  results* 

The  ripening  of  green  picked  tomatoes  under  controlled 
conditions  is  an  important  practice  in  the  commercial  tomato 
growing  areas  of  the  southern  states  and  while  the  methods  em¬ 
ployed  are  designed  for  special  conditions  they  frequently  apply 
in  certain  respects  to  a  somewhat  similar  practice,  namely,  the 
ripening  of  green  garden-grown  tomatoes  in  the  home*  The  optimum 
temperatures  at  which  to  hold  the  green  fruit  so  that  the  ripen¬ 
ing  season  indoors  may  be  prolonged  and  also  the  best  ripening 
temperature  for  rapid  maturity,  apply  in  both  cases*  Hence,  a 
review  of  the  research  work  conducted  to  date  has  an  important 
bearing  on  the  experiment  here  reported* 

Holding  green-mature  tomatoes  at  low  temperatures  for 
a  certain  period  to  retard  ripening  and  then  transferring  them 
to  higher  temperatures  to  accelerate  ripening  has  given  variable 
and  in  certain  cases  conflicting  results*  Diehl  (10]  exposed 
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groan  tomatoes  to  temperatures  just  above  freezing  for  a  5-day 
period  before  placing  in  high  temperatures  without  apparent  in¬ 
jury#  Another  writer  (68)  concluded  from  his  experience  that 

o 

tomatoes  stored  for  5-6  days  at  1  C.  will  not  ripen  normally, 

o 

and  that  injury  will  follow  after  storage  at  10  C#  for  more 
than  12-15  days  as  indicated  by  failure  to  develop  normal 
color  and  the  rapid  development  of  decay  on  removal  from  stor¬ 
age.  Link  (29)  stated  that  the  poor  condition  of  tomatoes 
ripened  in  storage  generally  attributed  to  chilling  is  not  due 
to  the  latter  but  to  some  other  cause#  This  conclusion  was 
based  on  observations  made  on  thirty- three  refrigerator  car¬ 
loads  of  tomatoes  transported  from  Mexico  to  Hew  Orleans# 

Ramsey  (42)  suggested  that  unsatisfactory  ripening  after  stor¬ 
age  may  be  due  either  to  chilling,  immature  or  poor  (Quality 
fruit,  or  to  rough  handling  in  the  ripening  room#  Rosa  (43 } 

(45)  concluded  that  tomatoes  generally  ripen  most  favorably  at 

o  o 

a  temperature  of  25  C#  while  at  11  C#  the  ripening  process  is 

very  slow  and  at  8°C  and  4°C#  ripening  is  almost  inhibited# 

o 

However,  green-mature  tomatoes  ripened  in  air  at  20  -  22  C#  re¬ 
quired  from  8  to  20  days  to  develop  sufficient  color  to  be  market¬ 
able;  this  long  ripening  period  resulted  in  shrinkage,  loss  of 
flavor  and  loss  by  decay#  Ripening  was  accelerated  by  adding 
to  the  air  of  the  ripening  room  small  amounts  of  ethylene  or 
propylene  gas;  concentrations  of  1:400  to  1:5000  were  about 
equally  effective#  These  gases  caused  the  red  pigment  to  develop 
rapidly  and  other  ripening  processes  to  be  accelerated#  Fruit 
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ripened  in  ethylene  had  a  higher  sugar  content  than  that  ripened 

in  air* 

’bright,  et  al  (60J  found  that  satisfactory  ripening 

o 

occurred  after  mature-green  tomatoes  had  been  exposed  to  4*5  C# 

for  18-20  hours*  In  fact,  exposure  to  a  temperature  as  low  as 
o 

—7*5  C*  for  the  same  period  encouraged  normal  ripening  when  sub¬ 
sequent  storage  occurred  at  a  favorable  temperature*  The  ripen- 

of;  o 

ing/tomatoes  stored  at  4*5  C.  for  11  -  15  days  was  delayed  but 
took  place  normally*  Chilling  did  not  slow  up  or  prevent  ripen¬ 
ing  in  fully  mature-green  tomatoes  as  noticeably  as  in  less  mature 

ones.  The  lowest  temperature  at  which  full  ripening  with  good 

o 

color  and  flavor  developed  was  13  C.  At  this  temperature,  the 

rate  of  ripening  was  comparatively  slow,  but  the  development  of 

normal  decay  was  also  slow*  For  rapid  ripening  a  temperature  much 
o 

higher  than  21*5  C*  is  not  desirable  because  of  the  rapid  rate  of 
decay.  In  all  cases  it  is  essential  to  keep  the  rooms  moist  to 
prevent  shrivelling  of  the  fruits*  Hatur e-green  tomatoes  picked 
the  evening  before  the  first  light  field  frost  ripened  in  storage 
more  rapidly  and  developed  less  decay  than  those  picked  the  morn¬ 
ing  after  the  frost.  In  regard  to  the  effect  of  light  and  dark¬ 
ness  on  the  ripening  of  mature-green  tomatoes  it  was  found  that 
the  difference  in  results  was  not  so  marked  in  the  rate  Of  ripen¬ 
ing  as  in  the  appearance  of  the  fruit*  When  tomatoes  were  ripened 
in  the  dark  the  color  was  evenly  distributed,  whereas  the  light 
ripened  fruits  tended  to  be  blotchy*  Hoffman  119)  reported  that 
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green-mature  tomatoes  removed  from  the  vine  and  ripened  in  a  warm 
room  had  a  higher  vitamin  C  content  if  they  were  placed  in  diffused 
light  than  if  they  ripened  in  full  sunlight  or  in  total  darkness, 
though  total  vitamin  C  content  was  not  as  high  as  in  the  fruit 
ripened  on  the  vine. 

West  and  Snyder  (58)  reported  that  the  firmest  green- 
ripened  tomato  fruits  were  obtained  by  wrapping  in  tissue  paper* 
However,  the  loss  of  weight  was  least  when  the  fruits  were  waxed* 
Normal  loss  of  tomatoes  during  storage  is  due  to  respiration  and 
evaporation*  The  difference  in  loss  in  v/eight  between  green  and 
nature  fruits  ripened  on  the  vine,  according  to  Gustafson  (11),  is 
due  to  the  fact  that  during  normal  growth  the  rate  of  respiration 
decreases,  reaching  a  minimum  at  the  given  stages  of  maturity;  it 
increases  during  ripening  to  a  maximum  when  the  fruits  are  orange 
to  red  in  color,  after  which  it  again  decreases.  If  the  same 
changes  in  the  rate  of  respiration  occur  during  the  artificial 
ripening  of  fruit,  the  green  fruits  which  respire  more  rapidly 
than  the  ripe  fruits,  would  be  expected  to  lose  more  weight* 

Sando  (46)  found  that  green-ripened  tomatoes  are  often 
of  inferior  flavor  and  that  this  is  due  partly  to  immaturity  of 
the  fruit  and  partly  to  the  practice  of  wrapping  the  fruit  in 
paper,  which  excludes  oxygen  and  so  interferes  with  the  ripening 
process*  Because  of  the  difficulty  of  picking  green  tomatoes  which 
are  mature  enough  to  be  of  good  quality,  Sando  suggested  the  use  of 
"turning"  fruit*  He  found  that  tomatoes  picked  on  the  turn  could 


.  .  :  ■;  : 


‘ .  r;i*  .  v* ,  ht  v\ . .  *c  n 
zl  i  -j  ••  :  : 

.'•J  ._  .i.  r. 

v  O  '.  v  i  x  o  .... :  .  ‘.v  j  x  . 


.  ;  .  ■’  ur'i  ..c,r  •_ 

:  ■  .  : 


♦ 

-  '  ■  v  '  •. ;  .  ,  .  .. ■  . .  ■  v  ; 

*  '  -  ■  '  '  '  , 

■  '  '  •  .  .  •  58  ol  . 

« 

.  2  :;c  •  •  •.  «  . 

... 

*  .'  .  ‘  .  J..  ■  .’  ,  .  j 

. :  2  ’  -l  ;  .  .  '■  2.  xu  .•  ,  :  ■  vi:  i 


3  .  *.  ■  :  .  "L  v.  , 

'.  ..  ■  '  ■  •  . 


•  1 

.  ov  2 

s 

o  ...  - 

■  -  • 

’.  ..  i  )‘i 

■i; 

,  V  ■ 

>•- 

. 

1 

’V 

c ' 

..  -«j 

o  ;:c*j 

xIjjow 

« 

•V 

.  u 

-  ** 

L 

• . 

2  ’  c 

,  0.  --X 

lo 

■•X 

u. .'  > 

si  a I 

0 

tv: 

•  -  c. 

| 

.31 

o  n  .v.. 

i  . 

-  vr/  - 

r« 

,  • 

;J .  -o 

2  T. 

■  •»  d 

•  •  •  1 

• 

.  ’t 

i  a 

o  3 

•  xJ 

UJJC 

• 

-  76  - 


o  o 

be  kept  for  15  days  at  10  -  13  C.  and  an  additional  5  days  at  24  C. 

"Turning'*  tomatoes  ripened  in  storage  developed  about  the  same  com¬ 
position  and  flavor  as  those  ripened  on  the  plant. 

M* .tjlQd_2£,  iXQge4tg.a 

The  fruits  used  in  this  experiment  were  full-grown  and 

entirely  green.  They  were  picked,  just  before  frost  threatened, 

from  a  group  of  plants  of  the  Bison  variety.  They  were  thoroughly 

cleaned  of  dirt  with  a  soft  cloth. 

Ten  lots  of  tomatoes  each  consisting  of  forty-five  fruits 

were  prepared.  These  were  then  separated  into  two  large  groups  each 

containing  five  lots.  The  large  groups  were  placed  in  a  temperature 

of  25°C.  which  was  similar  to  that  of  a  warm  room  in  an  average  home, 

o 

and  the  other  group  was  placed  in  a  temperature  of  12  C.  similar  to 
that  of  an  average  farm  outdoor  root-cellar.  The  arrangement  of  the 
groups  and  the  treatment  of  the  different  lots  may  be  listed  in  the 
following  manner: 

Group  1 

o 

Placed  in  a  temperature  of  25  C.  (a.  warm  basement  with  window  lighting) 
Lot  1.  (45  fruits)  left  unwrapped  and  exposed  to  light. 

Lot  2.  (45  fruits)  left  unwrapped  and  placed  in  total  darkness, 

lot  3.  (45  fruits)  wrapped  individually  in  white  paper. 

Lot  4.  (45  fruits)  wrapped  individually  in  red  paper. 

•  (45  fruits)  wrapped  individually  in  black  paper. 


Lot  5 
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figoua  2 

o 

Placed  in  a  temperature  of  12  C.  (an  ordinary  root  cellar  with 
200-watt  lighting). 

Lot  1.  (45  fruits)  left  unwrapped  and  exposed  to  the  environment. 

Lot  2.  (45  fruits)  left  unwrapped  and  placed  in  total  darkness. 

Lot  3.  (45  fruits)  wrapped  individually  in  white  paper. 

Lot  4.  (45  fruits)  wrapped  individually  in  red  paper. 

Lot  5.  (45  fruits)  wrapped  individually  in  black  paper. 

The  fruits  in  the  above  treatments  were  wrapped  and  placed 
in  their  respective  positions  at  the  same  time.  They  were  left  in 
this  way  for  a  period  of  13  days  before  a  count  was  made  on  the 
number  of  fruits  that  had  ripened. 

Results 

The  results  obtained  from  this  experiment  showed  that  in 
general  the  process  of  green  ripening  tomatoes  is  feasible  and  prac¬ 
ticable.  They  also  showed  definitely  the  difference,  if  any,  of  the 
methods  in  use  and  also  provided  data  in  regard  to  the  merits  of 
these  methods. 

The  uncovered  or  exposed  fruits  were  the  most  rapid  to 

color  and  ripen  of  any  treatment  used.  This  was  true  of  both  general 

o 

groups.  Moreover,  the  exposed  fruits  placed  in  the  25  C  temperature 

o 

ripened  much  more  quickly  than  those  kept  at  12  C.  Evidently  a  high 
temperature  plays  an  important  part  in  rapid  green-ripening  of  tom¬ 
atoes.  Another  factor  in  efficient  green-ripening  is  that  of  light. 

o 

The  fruits  left  unwrapped  in  total  darkness  in  a  temperature  of  21  C. 
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ripened  faster  than  those  placed  unwrapped  in  a  toraporature  of  9  C. 
However,  it  was  observed  that  the  fruits  exposed  to  the  higher  tem¬ 
perature  were  soft  (an  undesirable  feature)  and  n»ny  were  badly 
shrivelled,  whereas  those  exposed  to  a  lower  temperature  were  firm 
and  full-bodied. 

The  paper  in  which  the  tomatoes  was  wrappa  d  proved  of  little 
value  in  the  promotion  of  rapid  ripening*  In  fact,  the  data  showed 
that  in  certain  cases  the  paper  wrapping  retarded  the  ripening  process, 
which  is  possibly  due  to  the  interference  with  normal  respiration  as 
suggested  by  Sando  (46),  Despite  this  disadvantage,  the  paper  wrapp¬ 
ing  was  beneficial  in  preventing  the  shrivelling  of  the  tomatoes  at 

o  ' 

25  C*  The  red  and  white  color  of  the  paper  wrapping  did  not  notice¬ 
ably  affect  the  color  of  the  tomatoes*  However,  the  tomatoes 
wrapped  in  black  paper  were  observed  to  be  of  a  brighter  red  color 
when  ripe  or  semi-ripe  than  the  fruits  ripened  in  the  other  treat¬ 
ments.  This  difference  in  color  intensity  was  quite  noticeable  and 
occurred  in  the  black  paper  wrapped  fruits  kept  in  both  the  high  and 
low  temperatures* 

Observations 

Most  experiments  conducted  outdoors  are  subject  to  season¬ 
al  variation  and  to  the  variable  effects  of  weather  conditions* 
Accordingly,  it  is  essential  to  conduct  the  same  experiment  orer  a 
period  of  years  before  reliable  data  can  be  obtained*  However,  ex¬ 
periments  conducted  under  controlled  conditions  are  not  subject  to 
these  variations  and  hence  the  results  obtained  can  be  expected  to 
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be  identical  or  the  same,  in  most  cases,  if  the  experiment  is  re¬ 
peated*  The  variable  factor  in  the  green  ripening  experiment, 
namely,  the  stage  of  maturity  of  the  green  tomatoes,  cannot  be  over¬ 
looked  despite  the  fact  that  the  work  was  conducted  indoors.  Some 
fruits  may  be  about  ready  to  turn  red  while  others  nay  not  change 
color  for  a  number  of  hours,  although  they  may  be  full-grown  when 
selected  for  the  experiment*  A  condition  such  as  this  would  be 
expected  to  have  an  influence  on  the  final  outcome  of  the  experiment* 
Since  it  is  impossible  to  select  fruits  at  the  same  stage  of  maturity, 
this  type  of  variation  was  disregarded*  However,  one  fact  is  definite 
and  that  is,  the  most  efficient  method  of  after  ripening  will  promote 
rapid  ripening  regardless  of  the  stage  of  maturity  of  the  full-grown 
fruits* 

Discussion 

The  results  of  the  experiment  show  that  high  temperatures 
are  necessary  in  the  promotion  of  rapid  ripening  of  green  tomatoes 
off  the  vine*  This  means  that  under  ordinary  home  conditions  the 
warm  attic  is  to  be  preferred  to  the  root  cellar  for  this  purpose* 
Covering  or  wrapping  the  tomatoes  appears  to  have  no  special  merits 
except  that  shrivelling  is  prevented,  and  color  intensity  is  in¬ 
creased  by  the  use  of  black  paper*  On  the  other  hand,  the  high  tera- 
o 

perature  (25  C* )  exposure  also  causes  the  fruits  to  become  soft  and 
watery  and  therefore  is  none  too  desirable*  In  low  temperatures 
(12°C*j  ripening  proceeds  more  slowly  and  the  fruits  remain  firm* 
Apparently  a  temperature  intermediate  between  the  two  would  give 


the  best  results 
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TABLE  XI 

Results  of  Green  Ripening  of  Tomatoes 

o 

Grouu  1  Ripened  for  13  days  at  26  C*  in  subdued  light. 


Treatment 

Ripe 

Fruits 

Semi- 

ripe 

Fruits 

Beginning 
to  color 

Green 

Fruits 

Fruits  exposed 

32 

6 

3 

4 

Black  paper  wrapping 

23 

12 

6 

4 

White  paper  wrapping 

18 

23 

4 

0 

Red  paper  wrapping  x 

16 

22 

4 

3 

Fruits  in  total  darkness  6 

x  o 

temperature  somewhat  lower,  21  C. 

5 

15 

19 

Note* 

The  fruits  that  were 

exposed  during  treatment  were  soft  and  badly 

shrivelled  after  the 

treatment* 

The  fruits 

which  were 

wrapped  in 

paper  were  soft  but 

only  a  few  were  shrivelled*  The  fruits  kept 

in  total  darkness  had  some  rotted 

and  also 

shrivelled 

individuals. 

Groun  2  Rinened  for  13  davs 

at  12  0* 

in  200-watt  light. 

Ripe 

Semi- 

ripe 

Beginning 

Green 

Treatment 

Fruits 

Fruits 

to  color 

Fruits 

Fruits  exposed 

32 

10 

6 

27 

Black  paper  wrapping 

1 

6 

15 

22 

White  paper  wrapping 

2 

4 

13 

26 

Red  paper  wrapping  s 

2 

7 

12 

24 

Fruits  in  total  darkness 

0 

1 

1 

43 

temperature  somewhat  lower 

0 

9  C. 

Note* 

The  fruits  of  all  the  treatments  in  this  group  were  quite  firm 
and  full  bodied* 
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SUMMARY 

The  development  of  a  new  tomato  variety,  which  tinder 
irrigated  conditions  and  in  weather  generally  considered  unfavor¬ 
able  for  tomatoes  produces  ripe  fruit  successfully,  is  here  re¬ 
ported,  It  is  an  early  ripening  variety,  produces  fruits  four  or 
five  times  as  large  as  those  of  the  Farthest  North  variety  (its 
maternal  parent],  and  the  plant  characters  of  both  are  very  much 
the  same.  The  new  tomato  bears  fruits  with  a  deep  red  color,  mild 
flavor,  and  fine  quality.  Furthermore,  the  immature  fruits  of  the 
new  tomato  are  pale-green  to  whitish  in  color,  a  condition  which 
assures  a  uniform  red  color  over  the  entire  fruits  as  they  ripen. 
This  new  tomato  is  now  in  the  sixth  filial  generation  and  despite 
the  fact  that  the  arbitrary  limit  at  which  tomato  hybrids  become 
pure  has  been  set  at  the  ninth  filial  generation,  its  progeny  ap¬ 
pears  to  be  already  fairly  well  fixed  for  type.  From  outward 
appearances  the  conmercial  pos^.  bill  ties  of  this  new  tomato  are 
quite  promising. 

The  breeding  work  which  produced  the  new  tomato  referred 
to  above  would  probably  not  have  been  so  successful  if  an  original 
idea  of  using  a  chemical  to  stimulate  segregation  in  the  progeny 
had  not  been  employed.  The  chemical,  colchicine,  played  a  positive 
part  in  view  of  the  fact  that  without  it  the  F3  and  F4  generation 
seedlings  of  the  cross  which  produced  the  new  tomato,  refused  to 
"break  up"  or  segregate  into  the  different  -types. 
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Cultural  methods  such  as  the  application  of  comnercial 
fertilizers  play  a  definite  role  in  the  early  ripening  of  tomato 
fruits*  The  best  results  were  obtained  by  applying  a  complete 
fertilizer  (9-27-9)  to  the  plants  in  solution  in  the  field  and  in 
depressions  4-12  inches  in  diameter  around  the  plants.  Yields 
considerably  greater  than  those  of  the  check  plots  v/ere  obtained 
also  from  fertilizer  mixtures  1  ( 8-22-6 )  and  2  (6-24-6).  In  all 
cases  there  was  no  advantage  in  applying  fertilizers  in  solution 
to  the  young  seedlings  in  the  greenhouse  as  "starter  solutions". 

In  fact,  this  practice  was  decidedly  deleterious  because  the 
tomato  plants  treated  in  this  way  v/ere  unable  to  withstand  the 
shock  of  transplanting  and  as  a  result  recovery  was  slow  and  fruit 
ripening  delayed. 

The  depth  of  planting  has  a  profound  effect  on  the  time 
of  ripening  tomatoes  in  the  field.  Deep  planting  insures  a  good 
start  for  the  tomato  seedlings,  especially  if  the  weather  is  hot 
and  dry  but  materially  delayed  fruit  ripening.  On  the  other  hand, 
shallow  planting  of  the  seedlings,  so  that  the  greater  part  of  the 
stems  are  covered,  was  not  conducive  to  early  ripening.  In  both 
methods  an  extensive  root  system  was  produced  along  the  buried 
stems  of  the  plants  but  even  with  this  advantage  the  results  were 
negative  when  compared  with  those  of  the  normal  method  of  planting. 
The  normal  method  consists  of  planting  at  the  same  level  at  which 
the  plants  grew  in  boxes  in  the  greenhouse. 
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The  results  of  the  green  ripening  experiment  of  tomatoes 

demonstrated,  that  inmature  tomatoes  can  be  profitably  ripened  under 

ordinary  farm  conditions  after  fall  frosts  have  killed  the  vines* 

The  attic  is  preferred  to  the  basement  or  the  root  cellar  for  this 

purpose  since  the  results  of  the  experiment  showed  that  tomatoes 

o 

ripen  mare  readily  at  20  -  22  C.  than  at  lower  temperatures.  How¬ 
ever*  it  is  important  that  the  humidity  should  be  maintained  to 
pr event  shrivelling  of  the  fruits.  Yfrapping  tomatoes  in  paper  re¬ 
duces  shrivelling  but  it  appears  to  interfere  with  the  normal  trans¬ 
piration  processes  of  the  fruits  and  thus  retards  ripening.  Black 
paper  produced  fruits  of  a  brighter  red  color  than  those  which  were 
exposed  or  wrapped  in  paper  of  other  colors. 
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APPENDIX 


On  pages  47,  49,  51,  53  and.  69  are  given  the  tables  for 
the  analysis  of  variance  for  the  data  of  the  respective  experiments. 
No  attempt  was  made  to  show  how  the  results  were  obtained  because  of 
the  amount  of  space  that  would  be  required.  However,  the  various 
steps  in  the  calculaH  ons  of  these  results  are  now  given: 


Analysis  of  Variance  fur  the  Data  in  Table  I 
Replicates  Total  Paired 


ffotal 


Mix.  No.  1 

4.87 

14.18 

9.43 

15.87 

44.35 

Mix.  No.  2 

4.14 

8.31 

5.56 

4.93 

22.94 

67.29 

Check 

7.12 

4.81 

14.25 

4.25 

30.43 

Mix.  No.  3 

8.06 

3.43 

10.75 

9.06 

31.30 

61.73 

Totals 

24.19 

30.73 

39.99 

34.11 

Paired  Totals 

.  54.92 

,  74.10 

Grand  Total  • 

.  129.02 

Treatments 

Mix.  No.  1 

4.87 

3.43 

5.56 

4.25 

18.11 

Mix.  No.  2 

4.14 

4.81 

9.43 

9.06 

27.44 

Check 

7.12 

14.18 

10.75 

4.93 

36.98 

Mix.  No.  3 

8.06 

8.31 

14.25 

15.87 

46.49 

Grand  Total 


129.02 


General  Mean .  8.06  ~ 

Correction  Figure  . . (Grand  Total)*  f  Total  No.  of  items  s 


1040.3850 


a.  Sum  of  Squares  of  Replications 

1073.0453  -  1040.3850  3  32.6603 

b.  Sum  of  Squares  of  Columns 

1099.7103  -  1040.3850  s 


59.3253 
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0. 

Sum 

of 

Squares  of  Paired  Replications 

1063.3771  -  1040.3850  « 

22.9921 

d. 

Sum 

of 

Squares  of  Paired  Columns 

1042.3171  X  22.9921  « 

1065.3092 

e. 

Sum 

of 

Squares  of  Blocks 

1072.3317  -  1065.3092  . 

7.0225 

f. 

Sum 

of 

Squares  of  ‘Treatments 

1152.4416  -  1040.3850  « 

112.0566 

g» 

Totals 

1276.3154  -  1040.3850  .  235.9304 


Analysis  of  Variance  for  Data  in  Table  III 


ROplioates 

Total 

Paired 

Totals 

Mix.  No.  3 

13.06 

6.55 

13.43 

8.06 

41.10 

Mix.  No.  1 

5.83 

14.62 

6.36 

16.68 

43.49 

84.59 

Check 

12.70 

7.06 

18.12 

12.93 

50.81 

Mix.  No.  2 

4.36 

13.43 

7.43 

15.06 

40.28 

91.09 

Totals 

Paired  Totals 

fiTfl-nd  T-n+ft.l  *  , 

35.95 

41.66 
77.61  « 

45.34 

52.73 

98.07 

175.68 

Treatments 

Mix.  No.  3 

13.06 

13.43 

18.12 

16.58 

61.29 

Mix.  No.  1 

5.83 

7.06 

7.43 

8.06 

28.38 

Check 

12.70 

14.62 

13.43 

15.06 

55.81 

Mix.  No.  2 

4.36 

6.55 

6.36 

12.93 

30.20 

Grand  Total  175.68 


General  Mean . •••••10.98 

Correction  Figure . .  1928.9664 


a.  Sum  of  Squares  of  Beplications 

1966.0317  -  1928.9664  s  37.0643 

b.  Sum  of  Scruares  of  Columns 

1946.1811  -  1928.9664  -  17.2147 

c.  Sum  of  Squares  of  Paired  Beplications 

1955.1296  -  1928.9664  -  26.1632 
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d. 

Sum 

of 

Squares  of  paired  Columns 

1931.6070  4  26.1632 

= 

1957.7702 

6# 

Sum 

of 

Squares  of  Blocks 

1966.0647  -  1957.7702 

t 

8.2945 

f. 

Stun 

of 

Squares  of  Treatments 

2147.1712  -  1928.9664 

- 

218.2048 

8* 

Totals 

2213.2358  -  1928.9664 

B 

284.2694 

Analysis  of  Variance  for  Data  in  Table  V 


Renli cates 

Totals 

Paired 

Totals 

Check 

17.56 

21.31 

14.25 

20.50 

73.62 

Mix.  No.  1 

23.43 

14.56 

21.50 

21.  56 

81.05 

154.67 

Mix.  No.  3 

17.36 

6.50 

18.18 

29.00 

71.04 

Mix.  No.  2 

18.43 

12.93 

17.75 

18.75 

67.86 

138.90 

Totals 

76.78 

55.30 

71.68 

89.81 

"Pfti  'PtvfcA.ls  ..... 

132.08  . 

161.49 

flT'flTrJ  rPn-hfi.1 

293.57 

Totals 

Treatments 

Blocks 

Check 

17.56 

6.50 

21.50 

18.75 

64.31 

76.86 

Mix.  No.  1 

23.43 

12.93 

18.18 

20.50 

75.04 

55.22 

Mix.  No.  3 

17.36 

21.31 

17.75 

21.56 

77.98 

77.81 

Mix.  No.  2 

18.43 

14.56 

14.25 

29.00 

76.24 

83.68 

Total  293*57 

General  Mean . .  18*34 

Correction  Figure . . .  5386.4591 

a*  Sum  of  Squares  of  Replications 

5539.2792  -  5386.4591  -  152.8201 

b.  Sum  of  Squares  of  Columns 

5410.1670  -  5386.4591  «  23.7079 

c.  Sum  of  Squares  of  Paired  Replications 

5440.5183  -  5386.4591  »  54.0592 

d.  Sum  of  Squares  of  Paired  Columns 

5402.0024  4  54.0592  - 
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e.  Sum  of  Squares  of  Blocks 

5503.3616  -  5456.0616  «  47.3000 

f.  Sum  of  Squares  of  Treatments 

5415.0489  -  5386.4591  «  28.5898 

g.  Totals 

5762.4311  -  5386.4591  -  375.9720 


Mal.vsi9  of.  Jiferi.ftB.cA  Jsjl  la  liable.  .VII 


Renlicates 

Totals 

Paired 

Totals 

Mix.  No.  2 

10.62 

18.75 

17.50 

15.68 

62.55 

Check 

20.43 

15.00 

16.31 

14.93 

66.67 

129.22 

Mix.  No.  3 

13.56 

25.31 

9.50 

30.56 

78.93 

Mix.  No.  1 

12.75 

8.36 

12.68 

13.75 

47.54 

126.47 

Totals 

Paired  Totals 

fir  and  ♦  i 

57.36 

67.42 

55.  99 

74.92 

130.91 

255.69 

Total 

Treatments 

Blocks 

Mix.  No.  2 

10.62 

25.31 

16.31 

13.75 

65.99 

64.80 

Check 

20.43 

8.36 

9.50 

15.68 

53.97 

59.98 

Mix.  No.  3 

13.56 

18.75 

12.68 

14.93 

59.92 

64.42 

Mix.  No.  1 

12.75 

15.00 

17.50 

30.56 

75.81 

66.49 

Grand  Total  255.69 


General  Mean  . .  15.98 

Correction  Figure . . . . .  4086.0860 

a.  Sum  of  Squares  of  Replications .  3  D.F. 

4145.8781  -  4086.0860  *  59.7921 

b.  Sum  of  Squares  of  Columns  .............  3  D.F. 

4211.8470  -  4086.0860  •  125.7610 

c.  Sum  of  Squares  of  Paired  Replicaiions  ) 

4088.4346  -  4086.0860  •  2.3486  ) 

).... 2.8213  (2  D.F.) 

d.  Sum  of  Souares  of  Paired  Columns.. ...  •  1  D.F.) 

4086.5587  -  4086.0860  .  .4727  ) 

e.  Sum  of  S<yuares  of  Blocks . . . 3  D.F. 

4091.8742  -  4086.0860  *  5.7882  -  2.8213  a  2.9669  (1  D.F.) 

f.  Sum  of  Squares  of  Treatments .  3  D.F. 

4151.2509  -  4086.0860  a  65.1649 

g.  Totals  . .  15  D.F. 

4578.6955  -  4086.0860  a  492.6095 
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A&eqyois  of  V arlance  for  Data  In  Table  U 

iBy  Balanced.  Block) 


Totals 


Deep 

7.18 

2. 12 

7.92 

8.42 

4.25 

5.62 

25.72 

Normal 

8.87 

8.56 

8.56 

9.26 

9.18 

8.71 

52.24 

Shallow 

7.56 

2.42 

9.21 

5.81 

2.25 

5.87 

25.  22 

Totals  22*61  14.20  25.80  22.60  16.68  20.20  124.19 


General  Lean .  6.90 

Correction  Figure  .  856.8420 


a. 

Sum  of  Squares  of  Replications 

890.2615  -  856.8420  • 

22.4195 

b. 

Sum  of  Souares  of  Treatments 

891.9282  -  856.8420  « 

25.0862 

c. 

Sum  of  Squares  of  Paired  Treatments 

659.6265  -  856.8420  - 

2.7945 

d. 

Sum  of  Squares  of  Totals 

947.8255  -  856.8420  -  90.9825 

General  Comnents 


In  tlie  cases  of  all  the  tables,  the  Standard  Error  is 

equal  to  Vts&'SYl  ’£ quar £  or  tne  error. 

Standard  Error  in  percent  is  equal  to  Standard  Error  x  100 

General  Lean 

Standard  Error  of  Lean  of  One  Treatment  is  equal  to 

Standard  Error 

V5T  hO.  Of  replications 

Significant  Difference  is  equal  to  2  x  Lean  of  One  Variety 
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